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ABSTRACT
The p u rp o se  o f  t h i s  s tu d y  w as to  d e v e lo p  a  t e s t  
f o r  a n a l y t i c a l  c o g n i t io n  ( a s  d e f in e d  in  Bloom*s Taxonomy 
o f  E d u c a t io n a l  O b je c t iv e s ) o f  m a th e m a tic a l  c o n te n t  t h a t  
h a s  h ig h  u s a b i l i t y  f o r  s e c o n d a ry  s c h o o ls .  The t e s t  w as 
p r im a r i l y  d e s ig n e d  f o r  p u p i l s  who have co m p le ted  a t  l e a s t  
a tw o -s e m e s te r  c o u rse  i n  s e c o n d a ry - s c h o o l  a lg e b r a .
The m o t iv a t io n  f o r  u n d e r ta k in g  su ch  a  s tu d y  grew 
o u t  o f  a c o n c e rn  f o r  t h e  d i s p a r i t y  b e tw een  s t a t e d  ed u c a ­
t i o n a l  o b j e c t i v e s  and th o s e  o b j e c t i v e s  w h ich  a r e  a c t u a l l y  
m e a su re d . W hile s ta te m e n ts  on o b j e c t i v e s  o f  s c h o o l 
m a th e m a tic s  c u r r ic u lu m s  u s u a l l y  in v o lv e  th e  d ev e lo p m en t 
o f  h i g h e r - c o g n i t i v e  p r o c e s s e s  ( s u c h  a s  a n a l y s i s ) ,  
s ta n d a r d iz e d  t e s t s  w h ich  a r e  commonly u se d  to  a s s e s s  th e s e  
c u r r ic u lu m s  m easu re  no m ore s o p h i s t i c a t e d  c o g n i t iv e  
p r o c e s s e s  th a n  th e  a p p l i c a t i o n  l e v e l  o f  Bloom*s Taxonomy.
N in e ty - th r e e  m u l t ip l e - c h o ic e  i te m s  w ere d e v e lo p e d  
w i th  each  i te m  d e s ig n e d  to  m easu re  one o f  n in e  c o g n i t iv e  
b e h a v io r s  w h ich  a r e  i n d i c a t i v e  o f  a n a l y s i s  o f  m a th e m a tic a l  
c o n t e n t .  A p a n e l  o f  e i g h t  ju d g e s ,  a l l  r e c o g n iz e d  e x p e r t s  
i n  t h e  f i e l d  o f  m a th e m a tic s  e d u c a t io n ,  ju d g ed  t h a t  n i n e t y -  
one  o f  t h e  i te m s  w ere  v a l i d  i n d i c a t o r s  o f  a n a l y t i c a l  
b e h a v io r .
U sin g  s i x t y  o f  t h e  n in e ty -o n e  i te m s  t h a t  w ere  ju d g e d
v
v a l i d ,  two t r i a l  t e s t s  w ere  a d m in is te r e d  and  ite m  a n a l y s i s  
w as p e r fo rm e d . The more d i s c r i m in a t in g  i te m s  in  each  o f  
th e  n in e  b e h a v io r a l  c a t e g o r i e s  w ere ch o sen  to  fo rm  a t h i r d  
t e s t .  T h is  t h i r d  t e s t  c o n s i s te d  o f  f o r t y  i te m s  and  w as 
a d m in is te r e d  to  one h u n d red  s i x  p u p i l s  who w ere  e n r o l l e d  
i n  a  se c o n d a ry  s c h o o l  a lg e b r a  I I  c o u r s e .  From t h i s  
a d m i n i s t r a t i o n  f u r t h e r  i te m  a n a l y s i s  and  a  r e l i a b i l i t y  
s tu d y  w ere  c o n d u c te d .
T h is  t h i r d  t e s t  w as c o n s id e re d  s a t i s f a c t o r y  f o r  
t h e  p u rp o s e s  o f  th e  s tu d y  b e c a u se  o f  th e  fo l lo w in g ;
(1 )  E ach  i te m  was ju d g e d  by a  p a n e l  o f  e x p e r t s  to  be a 
v a l i d  i n d i c a t o r  o f  a n a l y t i c a l  c o g n i t io n  f o r  th o s e  p u p i l s  
f o r  whom th e  t e s t  w as d e s ig n e d ;  ( 2 ) t h i r t y - f o u r  o f  th e  
f o r t y  i te m s  w ere  shown to  have i n d i c e s  o f  d i s c r i m in a t io n  
above .4 0 ;  (The o t h e r  s i x  had  p o s i t i v e  i n d i c e s  o f  d i s c r im ­
i n a t i o n . )  ( 3 ) th e  r e l i a b i l i t y  c o e f f i c i e n t  o f  th e  t e s t ,  
com puted u s in g  th e  K u d e r-R ich a rd so n  fo rm u la  tw e n ty , w as .9 0  
( 4 ) th e  t e s t  w as a d m in is te r e d  by th e  r e g u l a r  c la s s ro o m  
t e a c h e r s  ( o v e r  a  tw o -d ay  p e r io d )  w i th o u t  d i s r u p t i n g  th e  
n o rm al s c h o o l-d a y  s c h e d u le ;  an d  ( 5 ) th e  t e s t  c o n s i s t e d  o n ly  
o f  m u l t ip l e - c h o ic e  i te m s  t h a t  w ere e a s i l y  and r e l i a b l y  
s c o re d  by h a n d .
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CHAPTER I  
INTRODUCTION
P r e l im in a r y  S ta te m e n t
T r a d i t i o n a l l y  th e  d ev e lo p m en t o f  th e  h ig h e r  m e n ta l  
p r o c e s s e s  h a s  b een  a  g o a l  o f  s e c o n d a ry  e d u c a t io n .  The 
dem ise  o f  th e  lo n g  r e p u d ia te d  fo rm a l d i s c i p l i n e  p sy c h o lo g y  
h a s  made i t  d i f f i c u l t  t o  p la c e  t h i s  g o a l  on a  t e n a b le  b a s i s .  
N e v e r th e le s s ;  th e  l i t e r a t u r e  on  e d u c a t io n a l  o b j e c t i v e s  i s  
f i l l e d  w ith  su c h  p h r a s e s  a s  " . . .  a b i l i t y  to  s c a n  o r  a n a ly z e  
a  p ro b lem  i n  a  d i s c i p l i n e d  f a s h io n  . . . "  (B e g le , 1 9 6 2 :6 4 3 ) , 
" . . .  h a b i t s  o f  c r i t i c a l  th in k in g  . . . "  (P a n u sh , 1 9 6 2 :4 3 9 -  
4 4 3 ) ,  " • • •  th e  d ev e lo p m en t o f  p ro b le m -s o lv in g  te c h n iq u e s  . . . "  
( T ie g s ,  1959 : 212 ) ,  " . . .  a b i l i t y  to  a n a ly z e ,  i n  a  p a r t i c ­
u l a r  w ork o f  a r t ,  . . . "  (Bloom , 1 9 5 6 :1 4 3 ) , and " . . .  a b i l i t y  
t o  i n f e r  th e  a u t h o r ’ s  p u rp o se  . . . "  (B loom , 1 9 5 6 :1 4 3 ) . And 
i n  a d d i t i o n ,  m odern p s y c h o lo g i s t s  i n d i c a t e  t h a t  th e  
e d u c a t io n a l  com m unity sh o u ld  n o t  abandon  th e s e  l o f t y  g o a l s ;  
by u s e  o f  p r o p e r  m e th o d s, c o n te n t  can  be t a u g h t  so  t h a t  
i n t e l l e c t u a l  s k i l l s  a r e  d e v e lo p e d  (H artm an , 1966 : 656- 6 6 1 ) 
and  n o n - s p e c i f i c  t r a n s f e r  o f  l e a r n in g  can  o c c u r  (B ru n e r , 
1 9 6 0 : 5- 20 ) .
W hile  i t  h a s  become i n c r e a s i n g l y  n e c e s s a r y  f o r  
t h e  e n t i r e  e d u c a t io n a l  com m unity to  be  e v a lu a te d ,  " p r o o f
1
o f  s u c c e s s "  h a s  b een  p r i m a r i l y  b a s e d  on s ta n d a r d iz e d  t e s t s  
t h a t  m easu re  l i t t l e  d e e p e r  th a n  r e c a l l  know ledge (R o b in so n , 
1 9 7 0 :6 7 -6 8 ) . S ta n d a rd iz e d  a c h ie v e m e n t t e s t s  now i n  g e n e r a l  
u se  p u r p o r t  t o  m e asu re , a t  b e s t ,  co m p reh en sio n  and a p p l i c a ­
t i o n .  (B u ro s , 1965) T h e r e f o r e ,  th e  m ost s o p h i s t i c a t e d  
ou tcom es o r  h ig h e r  b e h a v io r a l  g o a ls  o f  e d u c a t io n  a r e  n o t  
b e in g  m easu red  in  a s s e s s m e n t p ro g ra m s . Any m easurem en t o f  
su ch  g o a ls  m ust be done th ro u g h  th e  medium o f  t e a c h e r  made 
t e s t s .  And i n d i c a t i o n s  a r e  t h a t  v e ry  l i t t l e ,  r e l a t i v e l y  
s p e a k in g , i s  b e in g  a c c o m p lish e d  even  i n  t e a c h e r  made t e s t s .  
(S m ith , 1 9 6 9 :4 )
The p u rp o se  o f  t h i s  s tu d y  w as t o  d e v e lo p  a p a ra m e te r  
f o r  e d u c a t io n a l  a c h ie v e m e n t i n  th e  a r e a  o f  one h ig h e r  
b e h a v io r a l  g o a l ,  a b i l i t y  to  a n a ly z e  m a th e m a tic a l  c o n te n t .
The i te m s  o f  th e  t e s t  w ere  c l a s s i f i e d  a c c o rd in g  to  
t h r e e  l e v e l s  o f  a n a l y t i c a l  c o g n i t io n :  a n a l y s i s  o f  e le m e n ts , 
a n a l y s i s  o f  r e l a t i o n s h i p s ,  and  a n a l y s i s  o f  o r g a n i z a t i o n a l  
p r i n c i p l e s  (B loom , 1 9 5 6 :1 4 4 -1 4 3 )•  N u m eric a l c o n te n t  and 
a l g e b r a i c  c o n te n t  w ere  u s e d ,  b u t  no la n g u a g e  o r  c o n c e p ts  
t h a t  a r e  n o t  t y p i c a l  to  a n  i n t r o d u c t o r y  se c o n d a ry  s c h o o l 
a lg e b r a  c o u rs e  w ere  in c lu d e d .  Such a schem e f a c i l i t a t e d  
th e  a t te m p t  t o  c o n s t r u c t  a  p a ra m e te r  w h ich  i s  co m p reh en siv e  
w ith  r e g a r d  t o  a n a l y t i c a l  l e v e l s ,  b u t  w h ich  d o e s  n o t  p la c e  
a  prem ium  on c o n te n t  k n o w led g e .
S ta te m e n t o f  t h e  P ro b lem
The p ro b lem  w as t o  c o n s t r u c t  and  r e f i n e  a  t e s t  f o r
a n a l y t i c a l  c o g n i t io n  o f  m a th e m a tic a l  c o n te n t
3
D e l im i ta t io n  o f  t h e  P ro b lem
The t e s t  wa3 c o n s tru c te d  f o r  u se  a t  th e  se c o n d a ry  
s c h o o l  l e v e l  and was p r im a r i l y  d e s ig n e d  f o r  p u p i l s  who 
have co m p le ted  a t  l e a s t  a  two s e m e s te r  i n t r o d u c t o r y  c o u rs e  
i n  se c o n d a ry  s c h o o l  a l g e b r a .
D e f i n i t i o n  o f  Terms
A n a ly t i c a l  T h in k in g  A b i l i t y . A n a ly t i c a l  th in k in g  
a b i l i t y  i s  th e  i n t e l l e c t u a l  s k i l l  w h ich  e n a b le s  one to  
breakdow n c o n te n t  i n t o  i t s  com ponents, d e t e c t  th e  r e l a ­
t i o n s h i p s  o f  t h e  com ponen ts, and  i d e n t i f y  th e  o r g a n iz a ­
t i o n a l  p r i n c i p l e s  o f  th e  w h o le . (Bloom , 1 9 5 6 :1 4 4 -1 4 3 )
A n a ly s i s . A n a ly s is  i s  th e  c o g n i t iv e  b e h a v io r  a t  
th e  4*00 l e v e l  (o n  a  6 .0 0  s c a le )  i n  B lo o m 's  Taxonomy. 
A n a ly t i c a l  c o g n i t io n  h a s  t h r e e  l e v e l s  (B loom , 1 9 5 6 :1 4 4 -1 4 3 ): 
1 . A n a ly s is  o f  E le m e n ts . A n a ly s is  o f  e le m e n ts  
i s  t h e  d i s c e r n in g  o f  c o n te n t  com ponen ts .
F o r th e  p u rp o s e s  o f  t h i s  s tu d y  th e  fo l lo w in g  
b e h a v io r s  w ere c o n s id e re d  i n d i c a t i v e  o f  
a n a l y s i s  o f  e le m e n ts :
a )  G iven  th e  d e f i n i t i o n  o f  an  u n f a m i l i a r  s e t  
B su ch  t h a t  B i s  a s u b s e t  o f  th e  r e a l  
num b ers, d i s t i n g u i s h e s  th e  e le m e n ts  o f  B 
from  r e a l  num bers w h ich  a r e  n o t  e le m e n ts  
o f  B.
b) I d e n t i f i e s  th e  n e c e s s a r y  ( u n s ta t e d )  
a s s u m p tio n s  i n  th e  p r e s e n t a t i o n  o f  a 
m a th e m a tic a l  a rg u m en t.
c) G iven  a sam ple o f  a r i t h m e t i c  c o m p u ta tio n  
p e rfo rm e d  in  a n  unknown b a s e  b , i d e n t i ­
f i e s  b from  a  s e t  o f  f i v e  p o s i t i v e  
i n t e g e r s .
A n a ly s is  o f  R e l a t i o n s h i p s . A n a ly s is  o f  
r e l a t i o n s h i p s  i s  th e  d e t e c t i o n  o f  th e  l o g i c a l  
o r  c a u s a l  c o n n e c tio n  among c o n te n t  co m p o n en ts . 
F o r  th e  p u rp o s e s  o f  t h i s  s tu d y  th e  f o l lo w in g  
b e h a v io r s  w ere  c o n s id e re d  i n d i c a t i v e  o f  
a n a l y s i s  o f  r e l a t i o n s h i p s :
a )  G iven  a f u n c t io n  f  ( i n  a b s t r a c t  te rm s )  
from  a s e t  D in to  th e  r e a l s ,  i d e n t i f i e s  
t h e  o r d e r  r e l a t i o n s  among th e  e le m e n ts  
o f  th e  im age o f  D u n d e r  f •
b ) G iven a  p re m is e , d i s t i n g u i s h e s  b e tw een  
c o n c lu s io n s  w h ich  a r e  i n f e r e n c e s  o f  th e  
g iv e n  p re m is e  from  c o n c lu s io n s  w h ich  a r e  
n o t  in f e r e n c e s  o f  th e  g iv e n  p re m is e .
c) G iven  a  r e a l  v a r i a b l e  x w ith  c e r t a i n  
c o n d i t io n s  im posed  on x , i d e n t i f i e s  th e  
r e l a t i o n s  among th e  f a c t o r s  a n d /o r  te rm s  
o f  x  w h ich  a r e  n e c e s s a r y  i n  o r d e r  f o r  th e  
g iv e n  c o n d i t io n s  t o  be t r u e .
A n a ly s is  o f  O r g a n iz a t io n a l  P r i n c i p l e s . 
A n a ly s is  o f  o r g a n i z a t i o n a l  p r i n c i p l e s  i s  th e  
i d e n t i f i c a t i o n  o f  th e  o r g a n i z a t i o n , sy s tem ­
a t i c  a r ra n g e m e n t, an d  s t r u c t u r e  w hich  h o ld s  
t o g e th e r  t h e  com ponents to  fo rm  a  w h o le .
F o r t h e  p u rp o s e s  o f  t h i s  s tu d y  th e  fo l lo w in g  
b e h a v io r s  w ere c o n s id e re d  i n d i c a t i v e  o f  
a n a l y s i s  o f  o r g a n i z a t i o n a l  p r i n c i p l e s :
a )  G iven  a  f i n i t e  num ber o f  te rm s  i n  a n  
i n f i n i t e  r e a l  num ber s e q u e n c e , i d e n t i ­
f i e s  t h e  n th  te rm s  w here  n i s  any  p o s i ­
t i v e  i n t e g e r .
b ) G iven  t h e  fo l lo w in g :
i .  * i s  an  o p e r a t io n  on a  s e t  X.
i i .  A and B a r e  p r o p e r  s u b s e t s  o f  X. 
i i i .  a  * b i s  g iv e n  f o r  e a ch  a  i n  A and 
f o r  e a c h  b i n  B. 
i v .  c i s  an  e lem e n t o f  X b u t  n o t  o f  A,
and  d i s  an  e le m e n t o f  X b u t  n o t  o f  B. 
I d e n t i f i e s  from  a  f i v e  e lem e n t s u b s e t  o f  
X, th e  e le m e n t e su c h  t h a t  c * d  = e .
c ) G iv en  two i n t e g e r  a r r a y s  ea ch  a s s o c i a t e d  
r e s p e c t i v e l y  w ith  two g iv e n  c a le n d a r  d a t e s  
i d e n t i f i e s  from  a g ro u p  o f  f i v e  d a t e s  th e  
d a te  a s s o c i a t e d  w ith  a  t h i r d  i n t e g e r  a r r a y  
(S e e  A ppend ix  A, p ag e  1 1 6 )
6N u m eric a l C o n te n t . N u m eric a l c o n te n t  i s  m a th e m a tic a l  
in f o r m a t io n  p r e s e n te d  p r i m a r i l y  i n  t h e  form  o f  r e a l  number 
c o n s t a n t s .  F o r th e  p u rp o s e s  o f  t h i s  s tu d y ,  n u m e r ic a l  con­
t e n t  was l im i t e d  to  a  l e v e l  w h ich  r e q u i r e s  know ledge o f  
n o th in g  m ore s o p h i s t i c a t e d  th a n  a d d i t i o n  and  m u l t i p l i c a t i o n  
on s u b s e t s  o f  r e a l  nu m b ers .
A lg e b ra ic  C o n te n t . A lg e b ra ic  c o n te n t  i s  m a th e m a tic a l  
in f o r m a t io n  p r e s e n te d  p r i m a r i l y  i n  th e  fo rm  o f  v a r i a b l e  
sy m b o ls . F o r  t h e  p u rp o s e s  o f  t h i s  s tu d y ,  a l g e b r a ic  c o n te n t  
was l i m i t e d  to  a  l e v e l  no g r e a t e r  th a n  one t h a t  i s  o r d in a r ­
i l y  a s s o c i a t e d  w ith  a  se c o n d a ry  c o u rse  i n  i n t r o d u c t o r y  
a l g e b r a .
P a n e l  o f  E x p e r t s . P a n e l  o f  e x p e r t s  r e f e r s  to  t h e  
g ro u p  o f  p e r s o n s  t h a t  ju d g e d  th e  c o n te n t  v a l i d i t y  o f  th e  
i te m s  o f  (S ee  " D e f in i t i o n  o f  Sym bols" on p ag e  7 ) .  The
f o l lo w in g  a u t h o r i t i e s  i n  s e c o n d a ry  s c h o o l  m a th em a tic s  
co m p rised  t h i s  p a n e l :
1 .  D r. Sam Adams, P r o f e s s o r  o f  E d u c a tio n  a t  
L o u is ia n a  S t a t e  U n iv e r s i t y .
2 .  D r. H u b e rt S . B u t t s ,  P r o f e s s o r  o f  M a th em a tic s  
a t  L o u is ia n a  S t a t e  U n iv e r s i t y .
3 . D r. E . G le n a d in e  G ib b , P r o f e s s o r  o f  E d u c a tio n  
and  P r o f e s s o r  o f  M a th em a tic s  a t  th e  U n iv e r s i t y  
o f  T e x a s .
4 . D r. J a c k  W. G aron , S u p e r v is o r  o f  S eco n d a ry  
S c h o o l M a th e m a tic s  a t  L o u is ia n a  S t a t e  
U n iv e r s i t y  L a b o ra to ry  S c h o o l.
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5 . M r. D onald  W. Hammons, S u p e r v is o r  o f  
S eco n d a ry  S ch o o l M a th em a tic s  a t  L o u is ia n a  
S t a t e  U n iv e r s i t y  L a b o ra to ry  S c h o o l.
6 . D r. H ouston  T . K a rn e s , P r o f e s s o r  o f  
M a th em a tic s  a t  L o u is ia n a  S t a t e  U n iv e r s i t y .
7 .  D r. E ugene D. N ic h o ls ,  Head o f  th e  D e p a r t­
m ent and  P r o f e s s o r  o f  M a th e m a tic s  E d u c a tio n  
a t  F lo r i d a  S t a t e  U n iv e r s i t y .
S . D r. F . Lynwood W ren, P r o f e s s o r  o f  M a th em a tic s  
a t  San F ernando  V a lle y  S t a t e  C o l le g e .
D e f in i t i o n  o f  Sym bols
M^: M  ^ i s  th e  s e t  o f  n i n e t y - t h r e e  m u l t ip le - c h o ic e  
t e s t  i te m s  d e v e lo p e d  f o r  th e  p u rp o se  o f  m e asu rin g  a n a l y t i c a l  
c o g n i t io n  o f  m a th e m a tic a l  c o n te n t .  E ach i te m  was c l a s s e d  
a c c o rd in g  to  t h e  b e h a v io r a l  o b j e c t i v e  t h a t  i t  was d e s ig n e d  
t o  m e a su re . M1 fo rm ed  a  p o o l  o f  i te m s  from  w hich  t r i a l  
fo rm s o f  t h e  t e s t  o f  a n a l y t i c a l  o o g n i t io n  w ere  d raw n .
(S ee  A ppendix  A)
M2 : Mg c o n s i s t s  o f  M  ^ l e s s  th o s e  i te m s  w h ich  w ere 
n o t  r e p o r te d  f a v o r a b ly  by th e  m a jo r i ty  o f  th e  p a n e l  o f  
e x p e r t s .
T^: i s  a  t r i a l  fo rm  t e s t  o f  a n a l y t i c a l  c o g n i t io n
ch o sen  from  th e  i te m s  o f  Mg. (S e e  a p p e n d ix  B)
Tgi Tg i s  a  t r i a l  form  t e s t  o f  a n a l y t i c a l  c o g n i t io n  
w h ich  was chosen  from  i te m s  o f  Mg. None o f  t h e  i te m s  in  
Tg a r e  c o n ta in e d  in  T ^. (S ee  A ppendix  C)
S s^ : S s^  r e f e r s  to  t h e  g ro u p  o f  s e c o n d a ry  s c h o o l  
p u p i l s  w hich  to o k  T ^.
S sg : SS2 r e f e r s  to  th e  g ro u p  o f  s e c o n d a ry  s c h o o l 
p u p i l s ,  e n t i r e l y  d i s t i n c t  from  S s^ , w hich  to o k  Tg.
Tq : T-j i s  th e  f i n a l  r e f i n e d  form  o f  th e  t e s t  f o r  
a n a l y t i c a l  c o g n i t io n  o f  m a th e m a tic a l  c o n t e n t .  (See 
A ppend ix  E)
Ss^s Ss^ r e f e r s  t o  t h e  g roup  o f  se c o n d a ry  s c h o o l 
p u p i l s ,  e n t i r e l y  d i s t i n c t  from  S s^  and S sg , w h ich  to o k  T ^ .
P ro c e d u re s
M^ w as c o n s t r u c te d  w i th  ea ch  i te m  d e s ig n e d  to  
m easu re  one o f  th e  n in e  c o g n i t iv e  b e h a v io r s  w h ich  a r e  
i n d i c a t i v e  o f  a n a l y s i s  o f  n u m e r ic a l  and a l g e b r a i c  c o n te n t .  
Members o f  t h e  p a n e l  o f  e x p e r t s  w ere p ro v id e d  w i th  a  
q u e s t io n n a i r e  ( s e e  A ppendix  A) i n  w h ich  e a c h  i te m  o f  
w as l i s t e d  w i th  t h e  s p e c i f i c  b e h a v io r a l  o b j e c t i v e  t h a t  i t  
w as d e s ig n e d  to  m e a su re . F o r  each  i te m , e ach  p a n e l  member 
w as a sk ed  to  g iv e  a p o s i t i v e  o r  n e g a t iv e  re s p o n s e  to  th e  
f o l lo w in g  q u e s t io n :  W i l l  t h i s  i te m  m easu re  i t s  c o r re s p o n d in g  
s p e c i f i c  b e h a v io r a l  o b je c t i v e ?  I te m s  w h ich  w ere  n o t  r e p o r te d  
v a l i d  by th e  m a jo r i ty  o f  t h e  p a n e l  w ere  e l im in a te d .
an d  Tg w ere c o n s t r u c te d  from  Mg and  a d m in is te r e d  
t o  Sb^  and Ssg  r e s p e c t i v e l y .
I te m  a n a l y s i s  was co n d u c ted  u s in g  t h e  s c o r e s  o f  S s^  
an d  S sg  on T^ and  Tg r e s p e c t i v e l y .  The s c o r e s  o f  Ss-^ and
S&2 w ere  ra n k e d . The number o f  t im e s  ea ch  p o s s i b l e  r e s p o n s e  
t o  each  ite m  was c h o se n  by th e  u p p e r  27# o f  S s^  w as r e c o r d e d .  
And th e  num ber o f  t im e s  each  p o s s i b le  r e s p o n s e  t o  e a c h  i te m  
w as ch o sen  by  th e  lo w er 27# w as r e c o r d e d .  The d i f f i c u l t y  
l e v e l  and  in d e x  o f  d i s c r i m in a t io n  f o r  ea ch  i te m  w ere 
com puted . The same d a ta  was re c o rd e d  from  th e  s c o re s  o f  
S sg  on Tg.
The m ore d i s c r i m in a t in g  ite m s  i n  e a c h  o f  th e  n in e  
b e h a v io r a l  c a t e g o r i e s  w ere chosen  from  T^ and  Tg to  f o r a  
T ^ . T hese i te m s  w ere  ju d g e d  s a t i s f a c t o r y  b e c a u se  t h e i r  
mean in d e x  o f  d i s c r i m in a t io n  ex ceed ed  .4 0 .  (E b e l ,  1965* 
3 46 -355)
T^ w as a d m in is te r e d  t o  Ss^ and  a  r e l i a b i l i t y  c o e f ­
f i c i e n t  o f  .5 9 7  was o b ta in e d  u s in g  th e  K u d e r-R ic h a rd so n  
fo rm u la  num ber tw e n ty  (E b e l ,  1 9 6 5 * 3 1 0 -3 3 0 ). T h is  r e l i a b i l i t y  
c o e f f i c i e n t  o b ta in e d  on  T^ w as c o n s id e re d  s a t i s f a c t o r y  and 
T^ became t h e  end p ro d u c t  o f  t h i s  r e s e a r c h .
Im p o rta n c e  o f  t h e  S tu d y
I f  e d u c a to r s  a r e  t o  c o n t in u e  t o  d e fe n d  c u r r i c u l a r  
c o n te n t  and  m ethods on th e  b a s i s  o f  d e v e lo p in g  a n a l y t i c a l  
c o g n i t iv e  a b i l i t y ,  th e n  t h e r e  i s  a  need  to  m easu re  t h i s  
o b j e c t i v e .  An in s t r u m e n t  w h ich  m easu res  p u p i l  c o g n i t iv e  
b e h a v io r  a t  th e  a n a l y s i s  l e v e l  can  f u n c t i o n  a s  an a s s e s s m e n t 
d e v ic e  f o r  an sw e rin g  su c h  q u e s t io n s  a s  th e  fo l lo w in g :  I s
a n a l y t i c a l  c o g n i t io n  o f  m a th e m a tic a l  c o n te n t  a n  outcom e o f
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a  s p e c i f i c  m a th e m a tic a l  c o u rs e  f o r  a  s p e c i f i c  g ro u p  o f  
p u p i l s ?  I s  a  g iv e n  p u p i l  m ore a d e p t  i n  a n a l y s i s  o f  a l g e ­
b r a i c  c o n te n t  th a n  h e  i s  o f  n u m e r ic a l  c o n te n t?
Such an  in s t r u m e n t  can  s e rv e  a s  a  m odel to  b o th  
c la s s ro o m  te a c h e r s  and  p ro d u c e r s  o f  s t a n d a r d iz e d  t e s t s  
f o r  c r e a t i n g  d e v ic e s  t o  m easu re  th e  h ig h e r  b e h a v io r a l  g o a ls  
o f  e d u c a t io n .
CHAPTER I I  
SURVEY OF LITERATURE
The p u b l i c a t i o n  o f  Taxonomy o f  E d u c a t io n a l  O b je c t iv e s  
by  B en jam in  Bloom*s com m ittee  i n  1956 p ro v id e d  th e  ed u c a ­
t i o n a l  com m unity w i th  a  w o rk a b le  sy s tem  o f  c l a s s i f y i n g  
c o g n i t iv e  a c h ie v e m e n t. B lo o m 's  Taxonomy w as s e l e c t e d  f o r  
t h i s  s tu d y ,  from  num erous p u b l is h e d  schem es, a s  t h e  p r i n ­
c i p a l  r e f e r e n c e  f o r  d e f in in g  l e v e l s  o f  c o g n i t iv e  b e h a v io r  
w h ich  r e f l e c t  academ ic  a c h ie v e m e n t. I n  t h e  Taxonomy' s  
c o g n i t iv e  dom ain s i x  b ro a d  l e v e l s  o f  c o g n i t io n  a r e  d e s c r ib e d :
( 1 ) know ledge (w h ich  in v o lv e s  th e  r e c a l l  o f  f a c t s ) ,  ( 2 ) 
co m p reh en sio n  (w h ich  in v o lv e s  th e  lo w e s t  l e v e l  o f  u n d e r ­
s ta n d in g )  , ( 3 ) a p p l i c a t i o n  (w h ich  in v o lv e s  th e  u s e  o f  
a b s t r a c t i o n s  i n  c o n c re te  s i t u a t i o n s ) ,  (4 )  a n a l y s i s ,  (5 ) 
s y n th e s i s  (w h ich  in v o lv e s  th e  c r e a t io n  o f  u n iq u e  w h o le s ) ,  
an d  ( 6 ) e v a lu a t io n  (w h ich  in v o lv e s  th e  m aking o f  v a lu e  
ju d g m e n ts ) .  (B loom , 1 9 5 6 :6 2 -1 9 7 )
T h is  s tu d y  was in v o lv e d ,  o f  c o u r s e ,  w i th  t h e  Taxonomy' s  
f o u r t h  b ro a d  l e v e l ,  a n a l y s i s .  A n a ly s is  i s  c l o s e l y  r e l a t e d  
to  t h e  o t h e r  f i v e  l e v e l s  and  i s  n o t  c o m p le te ly  d i s t i n g u i s h ­
a b l e  from  co m p reh en sio n  and  s y n t h e s i s .  Bloom d e f in e d  
a n a l y s i s  a s  f o l lo w s :
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The breakdow n o f  a  com m unication  i n t o  i t s  
c o n s t i t u e n t  e le m e n ts  o r  p a r t s  su c h  t h a t  th e  r e l a t i v e  
h ie r a r c h y  o f  id e a s  e x p re s s e d  a r e  made e x p l i c i t .  Such 
a n a ly s e s  a r e  in te n d e d  t o  c l a r i f y  th e  com m unication , 
t o  i n d i c a t e  how th e  com m unication  i s  o r g a n iz e d ,  and 
th e  way i n  w h ich  i t  m anages t o  convey  i t s  e f f e c t ,  a s  
w e l l  a s  i t s  b a s i s  and  a r ra n g e m e n t. (Bloom , 1 9 5 6 :2 0 5 )
The Taxonomy i d e n t i f i e s  t h r e e  o rd e r e d  l e v e l s  o f  
a n a l y s i s :  a n a l y s i s  o f  e le m e n ts ,  a n a l y s i s  o f  r e l a t i o n s h i p s ,  
and  a n a l y s i s  o f  o r g a n i z a t i o n a l  p r i n c i p l e s .  A n a ly s is  o f  
e le m e n ts  i s  d e f in e d  a s  t h e  " i d e n t i f i c a t i o n  o f  th e  e le m e n ts  
in c lu d e d  i n  a c o m m u n ica tio n ."  A n a ly s is  o f  r e l a t i o n s h i p s  
i s  d e f in e d  a s  t h e  i d e n t i f i c a t i o n  o f  " th e  c o n n e c tio n s  and  
i n t e r a c t i o n s  b e tw een  e le m e n ts  and p a r t s  o f  a  co m m u n ic a tio n ."  
And a n a l y s i s  o f  o r g a n i z a t i o n a l  p r i n c i p l e s  i s  d e f in e d  a s  th e  
i d e n t i f i c a t i o n  o f  th e  " o r g a n iz a t i o n ,  s y s te m a t ic  a r ra n g e m e n t, 
a n d  s t r u c t u r e  w h ich  h o ld  th e  co m m u n ica tio n  t o g e t h e r . "
(Bloom , 1 9 5 6 :2 0 5 -2 0 6 )
Jerom e B r u n e r 's  o b s e r v a t io n  i s  c o n s i s t e n t  w i th  th e  
d e f i n i t i o n  o f  a n a l y t i c a l  th in k in g  a s  d e f in e d  i n  t h i s  s tu d y :
A n a l y t i c a l  t h in k i n g  c h a r a c t e r i s t i c a l l y  
p ro c e e d s  a  s t e p  a t  a  t im e .  S te p s  a r e  e x p l i c i t  and  
u s u a l l y  can  be a d e q u a te ly  r e p o r t e d  by th e  t h i n k e r  to  
a n o th e r  i n d i v i d u a l .  Such th in k i n g  p ro c e e d s  w ith  r e l a ­
t i v e l y  f u l l  a w a re n e ss  o f  t h e  in f o rm a t io n  and  o p e r a t io n s  
in v o lv e d .  I t  may in v o lv e  c a r e f u l  and  d e d u c t iv e  r e a s o n ­
i n g ,  o f t e n  u s in g  m a th e m a tic s  o r  l o g i c  and  a n  e x p l i c i t  
p la n  o f  a t t a c k .  Or i t  may in v o lv e  a  s t e p - b y - s t e p  
p r o c e s s  o f  in d u c t io n  an d  e x p e r im e n t, u t i l i z i n g  p r i n ­
c i p l e s  o f  r e s e a r c h  d e s ig n  and  s t a t i s t i c a l  a n a l y s i s . "
( B ru n e r , I9 6 0 s 57)
The e d u c a t io n a l  l i t e r a t u r e  i s  r e p l e t e  w i th  a m b it io u s  
o b j e c t i v e s  in v o lv in g  c o g n i t iv e  a c h ie v e m e n t a n a lo g o u s  to  ea ch  
o f  B lo o m 's  l e v e l s .  On th e  o t h e r  h an d , B u ro s ' M e n ta l
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M easurem en t Y earb o o k s l i s t s  o n e  h u n d red  n in e ty - n i n e  
m a th e m a tic a l  a c h ie v e m e n t e x a m in a tio n s  and  n o t  one o f  th e s e  
i s  d e s ig n e d  t o  m e asu re  se c o n d a ry  s c h o o l  a c h ie v e m e n t above 
th e  a p p l i c a t i o n  l e v e l .  (B u ro s , 1965) T h ro u g h o u t e d u c a t io n a l  
l i t e r a t u r e  one  p o i n t  i s  c l e a r l y  b ro u g h t o u t :  T h ere  e x i s t s  
a g r e a t  im b a la n c e  b e tw een  th e  d e s i r e d  g o a l s  o f  e d u c a t io n  
and  th e  m e asu re d  g o a l s  o f  e d u c a t io n .  The p r e s e n t  p u b l i c  
and  p r o f e s s i o n a l  o u tc r y  f o r  e d u c a t io n a l  a c c o u n t a b i l i t y  
m akes th e  d im in is h in g  o f  t h i s  im b a la n ce  e s p e c i a l l y  c r i t i c a l .
The n ee d  f o r  more e x te n s iv e  p u p i l  p e rfo rm a n c e  
m easu rem en t i s  e v i d e n t .  I f  t e a c h e r s ,  f o r  ex am p le , a r e  
to  be  h e ld  r e s p o n s i b le  f o r  w h at i s  le a r n e d  by  t h e i r  
p u p i l s ,  th a n  p u p i l  p e rfo rm a n c e  m ust be m easu red  a t  
l e a s t  y e a r l y  so  t h a t  g a in s  a s s o c i a t e d  w ith  e a c h  t e a c h e r  
can  b e  i d e n t i f i e d .  A ls o , i f  th e  o v e r a l l  e f f e c t i v e n e s s  
o f  e d u c a to r s  an d  s c h o o ls  i s  t o  b e  a s s e s s e d ,  m e asu re ­
m ent w i l l  have to  be e x te n d e d  t o  many more d im e n s io n s  
o f  p u p i l  p e rfo rm a n c e  th a n  a r e  c o v e re d  by in s t r u m e n ts  
i n  common u s e .  T h is  im p l ie s  m ore co m p re h e n s iv e , more 
f r e q u e n t  t e s t i n g  th a n  i s  s ta n d a r d  p r a c t i c e  i n  m ost 
s c h o o l  s y s te m s . I n  t h e  lo n g  r u n ,  i $  w i l l  p ro b a b ly  
r e q u i r e  s u b s t a n t i a l  e f f o r t s  to  d e v e lo p  and v a l i d a t e  
m ore p o w e r fu l m easurem en t in s t r u m e n t s .  (B a r ro ,  1970: 
19 )^
E d u c a to rs  g e n e r a l l y  a g re e  t h a t  any  a d e q u a te  
th e o r y  o f  i n s t r u c t i o n  m u st in c o r p o r a te  c o n c e p ts  such  
a s  t r a n s f e r ,  a n a l y s i s ,  s y n t h e s i s ,  and  e v a lu a t io n .  
A p p ro ach es to  m easurem en t have n o t ,  how ever, a d ju s te d  
to  t h e  "new" c o n c e p t io n  o f  t h e  d i s c i p l i n e s .
A w o rk a b le  th e o r y  o f  i n s t r u c t i o n  w ould  seem 
to  dep en d  u p o n  th e  d ev e lo p m en t o f  m easurem en t i n s t r u ­
m e n ts  w h ich  o p e r a t i o n a l l y  d e f in e  th e s e  c o n c e p ts  i n  a 
m anner w hich  w i l l  make i t  p o s s i b l e  to  e m p i r i c a l ly  
i n v e s t i g a t e  t h e  r e l a t i o n s h i p s  o f  m ethods o f  i n s t r u c t i o n  
an d  l e a r n e r  v a r i a b l e s  t o  a t ta in m e n t  o f  d i f f e r e n t  ty p e s  
o f  e d u c a t i o n a l  o b j e c t i v e s .  (S m ith , 1 9 6 9 :2 4 )
T o d ay ’ s  t e s t s  can  . . .  m easu re  v o c a b u la ry  
w o r d - r e c o g n i t io n  s k i l l s  w ith  s u f f i c i e n t  a c c u r a c y ,
They c a n n o t ,  how ever, a d e q u a te ly  m easu re  l i s t e n i n g  
co m p re h en s io n  o r  th e  a b i l i t y  t o  a n a ly z e  t h e  o p p o s in g
14
s i d e s  o f  an  a rg u m e n t.
C ontem porary  t e s t  te c h n o lo g y  i s  n o t  r e f i n e d  
enough t o  m eet a l l  th e  dem ands. I n  p e rfo rm a n c e  con­
t r a c t i n g  th e  f i r s t  demand i s  f o r  a s s e s s m e n t o f  p e r ­
fo rm a n c e . T e s t s  do t h e i r  jo b  w e l l  when th e  p e rfo rm a n c e  
i s  h ig h ly  s p e c i f i c  -  w hen, f o r  ex am p le , th e  s tu d e n t  
i s  t o  ad d  two num b ers, r e c o g n iz e  a  m is s p e l l e d  w ord , 
o r  i d e n t i f y  th e  p a r t s  o f  a  h y d r a u l ic  l i f t .  When a 
t e a c h e r  w an ts  t o  m easu re  p e rfo rm a n c e s  t h a t  r e q u i r e  
m ore dem anding m e n ta l  p r o c e s s e s ,  su ch  a s  c o n c e p tu a l­
i z i n g  a  w r i t i n g  p r i n c i p l e  o r  s y n th e s iz in g  a  p o l i t i c a l  
a rg u m e n t, p e rfo rm a n ce  t e s t s  g iv e  u s  l e s s  d e p e n d a b le  
s c o r e s .
. . .  A q u e s t io n  f o r  m ost t e s t s  s p e c i a l i s t s  
. . .  i s  n o t  "Can com plex  e d u c a t io n a l  ou tcom es be 
m e asu red ?"  b u t "Can com plex e d u c a t io n a l  ou tcom es be 
m easu red  w ith  t h e  t im e  and  p e r s o n n e l  and f a c i l i t i e s  
a v a i l a b l e ? "  ( S ta k e ,  1 9 7 1 :5 8 4 )
. . .  m o st a c h ie v e m e n t t e s t s  c o n s i s t  p r im a r i l y  
o f  i te m s  t e s t i n g  s p e c i f i c  e le m e n ts  o f  know ledge , f a c t s ,  
i d e a s ,  e x p la n a t io n s ,  m e a n in g s , p r o c e s s e s ,  p ro c e d u re s ,  
r e l a t i o n s ,  c o n se q u e n c e s , and so o n . (E b e l ,  1 9 7 1 :1 3 0 )
I n  m a th e m a tic s  e d u c a t io n ,  w here  th e  c u r r ic u lu m  h a s  
lo n g  b ee n  d e fe n d e d  b y  o b j e c t i v e s  t h a t  have n e v e r  b een  
m e a su re d , th e  need  f o r  d e v e lo p in g  s o p h i s t i c a t e d  ac h ie v e m en t 
t e s t s  i s  c r i t i c a l .
. . .  many i f  n o t  m o s t, m a th e m a tic s  t e a c h e r s  
to d a y  w i l l  s u g g e s t  t h a t  one o f  t h e  m ain  r e a s o n s  f o r  
t e a c h in g  m a th e m a tic s  i s  t o  te a c h  c h i ld r e n  t o  th in k  
l o g i c a l l y .  (W illo u g h b y , 1 9 6 7 :1 3 )
R e se a rc h  r e l a t e d  t o  t h e  d ev e lo p m en t o f  m e asu rin g  
in s t r u m e n ts  f o r  h ig h e r  c o g n i t iv e  a c h ie v e m e n ts  seem s to  be 
p r e c lu d e d  by  a la c k  o f  c o n v e n tio n s  r e g a r d in g  l e v e l s  o f  
c o g n i t io n  and  r e g a r d in g  t e s t  d ev e lo p m en t s t a n d a r d s .  W ith o u t 
common c r i t e r i a  and  la n g u a g e , th r e e  h u n d red  r e s e a r c h e r s  
ad v a n ce  i n  t h r e e  h u n d red  d i f f e r e n t  d i r e c t i o n s ;  seq u en ce  
and c o n t i n u i t y  among d i f f e r e n t  r e s e a r c h  p r o j e c t s  i s  l o s t .
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I n  a  p r o j e c t  s p o n so re d  by th e  U. S . O f f ic e  o f  E duca­
t i o n ,  S m ith  d e v e lo p e d  t h i r t y - o n e  s c a l a b l e  t e s t  i te m s  in  
th e  c o n te n t  a r e a  o f  p h y s i c a l  s c i e n c e .  E ach  s e t  c o n ta in e d  
a t  l e a s t  s i x  i t e m s ,  each  d e s ig n e d  to  m easu re  a t  one o f  th e  
b ro ad  c o g n i t iv e  l e v e l s  d e f in e d  i n  Bloom ’ s  Taxonomy. The 
s t a t e d  p u rp o se  o f  th e  s tu d y  w as to  c o n s t r u c t  a  h ig h ly  
r e p r o d u c ib le  s e t  o f  i te m s  w h ich  c o u ld  be u t i l i z e d  i n  a  
s tu d y  o f  th e  r e l a t i o n s h i p  b etw een  p r o c e s s  and c o n te n t .  
A d m in is t r a t io n  o f  th e  t e s t  t o  s e c o n d a ry  s c h o o l p u p i l s  
c o r r o b o ra te d  t h e  b e l i e f  t h a t  t h e r e  e x i s t s  a  h ie r a r c h y  
o f  c o g n i t iv e  p r o c e s s e s  w ith  th e  know ledge l e v e l  i te m s  
b e in g  t h e  e a s i e s t  and  w ith  i te m s  becom ing more d i f f i c u l t  
a s  th e  l e v e l  m easu red  i s  r a i s e d .  The i te m s  w ere  fo u n d  to  
be h ig h ly  r e p r o d u c ih le  an d  m o d e ra te ly  s c a l a b l e .  C o n te n t 
and  p r o c e s s  ( o r  c o g n i t iv e  l e v e l )  seem ed to  be i n e x t r i c a b l y  
i n t e r r e l a t e d .  The s u c c e s s  o f  a  g iv e n  i n d i v i d u a l 's  p e r ­
fo rm an ce  te n d e d  to  depend  m ore on th e  ty p e  o f  c o n te n t  th a n  
on th e  c o g n i t i v e  l e v e l .  (S m ith , 1969)
R ecen t r e s e a r c h  i n  m a th e m a tic s  e d u c a t io n  i s  o f t e n  
c o n c e rn e d  w i th  p sy c h o m a th e m a tic s . H ow ever, t h e  v a l i d i t y  
o f  th e s e  s t u d i e s  o f te n  d e p e n d s  on s ta n d a r d iz e d  m e asu rin g  
in s t r u m e n ts  w h ic h , a s  h a s  b een  p r e v io u s ly  b ro u g h t o u t ,  a r e  
d e s ig n e d  f o r  m easu rem en t below  th e  a n a l y s i s  l e v e l .
E . G. B e g le  e x p re s s e d  th e  n eed  f o r  e v a lu a t in g  th e  
ou tcom es o f  m a th e m a tic s  p ro g ram s an d  c o n s e q u e n t ly  th e  need  
f o r  a d e q u a te  t e s t i n g  o f  m a th e m a tic a l  s k i l l s  an d  o u tco m es. 
(B e g le , 1962s6 ^B) B e g le  w as in s t r u m e n ta l  i n  d e v e lo p in g  th e
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N a t io n a l  L o n g i tu d in a l  S tu d y  o f  M a th em a tic s  A b i l i t i e s  w hich  
had two m a jo r  p u rp o s e s :  ” . . .  ( 1 ) a  r ig o r o u s  i n v e s t i g a t i o n  
o f  t h e  c u r r i c u l a r  a p p ro a c h  u s e d  by th e  sc h o o l s y s te m s , and
( 2 ) a n  a s s e s s m e n t o f  how s u c c e s s f u l  th e  "new” m a th e m a tic s  
have b een  i n  r e a c h in g  t h e i r  d e s i r e d  g o a l s . "  (Rom berg, 1969: 
4) A l l  l e v e l s  i n  B lo o m 's Taxonomy w ere  c o n s id e re d  i n  th e  
tw e n ty - s ix  t e s t  b a t t e r i e s  w h ich  w ere a d m in is te r e d  o v e r  a 
f i v e  y e a r  p e r io d  from  1962 to  1 9 6 ? . (Rom berg, 1 9 6 9 :1 2 1 -1 2 # ) 
T e s t  d ev e lo p m en t w as a c o l l a b o r a t i v e  e f f o r t  o f  t h e  S ch o o l 
M a th em a tic s  S tu d y  Group P a n e l  on T e s t s  and num erous ed u ca ­
t o r s ,  m a th e m a tic ia n s ,  p s y c h o lo g i s t s ,  p sy c h o m a th e m a tic ia n s , 
d a ta  p r o c e s s in g  s p e c i a l i s t s ,  an d  s t a t i s t i c i a n s .  (Rom berg, 
1969: 211- 216)
The p ro b lem s in v o lv e d  i n  d e v e lo p in g  t e s t  i te m s  w hich  
m easu re  a t  c e r t a i n  c o g n i t iv e  l e v e l s  w ere  r e a l i z e d  by th e  
d e v e lo p e r s  o f  th e  N a t io n a l  L o n g i tu d in a l  S tudy  o f  M a th em a tic s  
A b i l i t i e s :
T h ere  a r e  two fu n d a m e n ta l p ro b lem s w hich  
a r i s e  when one a t te m p ts  to  a d a p t  th e  c l a s s i f i c a t i o n  
sy s te m  t o  a c t u a l  b e h a v io r  and w r i t i n g  t e s t  i t e m s .
The f i r s t  i s  w i th  r e g a r d  to  p r e v io u s  know­
le d g e .  T h a t i s ,  w hat m ig h t be  a n a l y s i s  ( 4 .0 0 )  f o r  
one s tu d e n t  may o n ly  be co m p reh en sio n  ( 2 . 0 0 ) f o r  
a n o th e r  who had a  w id e r  b ack g ro u n d  o f  e x p e r ie n c e s .
T h u s, i f  one a t te m p ts  to  w r i t e  a q u e s t io n  to  t e s t  an  
a n a l y t i c a l  s k i l l  i t  may o n ly  be m e asu rin g  co m p re h en s io n . 
I d e a l l y ,  one w ould have t o  a n a ly z e  ev e ry  t e s t  i te m  w ith  
r e g a r d  to  e a c h  s t u d e n t 's  b ack g ro u n d  i n  o r d e r  to  d e t e r ­
m ine w h at b e h a v io r  i s  b e in g  m e asu red .
The seco n d  d i f f i c u l t y  i n  c l a s s i f i c a t i o n  
a r i s e s  from  th e  f a c t  t h a t  th e  more com plex b e h a v io r s  
in c lu d e  t h e  s im p le r  b e h a v io r s .  T h a t i s ,  i f  a  s tu d e n t  
m is s e s  a  q u e s t io n  in te n d e d  t o  m easu re  a n a l y s i s  b e ­
h a v i o r ,  h i s  d i f f i c u l t y  may n o t  be a t  t h a t  l e v e l  b u t  
w i th  co m p re h en s io n  (p e rh a p s  w i th  t r a n s l a t i n g  an u n ­
f a m i l i a r  t e r m ) .
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T hese a r e  I n h e r e n t  d i f f i c u l t i e s  w i th  th e  
taxonom y* They do n o t  i n v a l i d a t e  i t s  u s e ;  th e y  s im p ly  
p o i n t  o u t  i t s  l i m i t a t i o n s .  (Rom berg, 1 9 6 9 :2 3 3 )
The A dvanced P la c e m e n t E x a m in a tio n  i n  M a th e m a tic s , 
u n d e r  th e  d i r e c t i o n  o f  t h e  C o lle g e  E n tra n c e  E x a m in a tio n  
B o a rd , in c lu d e s  a  num ber o f  a n a l y t i c a l  i te m s  su c h  a s  th e  
fo l lo w in g s
W hich one o f  th e  f o l lo w in g  d e f i n e s  a 
f u n c t io n  f  f o r  w h ich  f ( - x )  = - f ( x )  ?
(A) f ( x )  s= x 2 . ( B )  f ( x )  = s i n ( x ) .  ( C )  f ( x )  = c o s ( x ) .  
(D) f ( x )  -  l o g ( x ) .  (E) f ( x )  = ex .
( F in k b ^ in e r ,  1971*502)
H ow ever, th e s e  t e s t s  a r e  d e s ig n e d  f o r  s tu d e n t s  
who h av e  e x p e r ie n c e d  c a lc u lu s *  Many o f  th e  w ould  be 
a n a l y t i c a l  i te m s ,  su ch  a s  t h e  one  q u o te d  ab o v e , a r e  o n ly  
s im p le  r e c a l l  o r  a p p l i c a t i o n  i te m s  f o r  p u p i l s  th o ro u g h ly  
s c h o o le d  i n  c a l c u l u s .
A num ber o f  p s y c h o lo g ic a l  t e s t s  u n d e r  th e  g e n e r a l  
h e a d in g  o f  " f i e l d  in d e p e n d e n t -  f i e l d  d e p e n d e n t” t e s t s  
h av e  b een  d e v e lo p e d .
An a n a l y t i c a l ,  i n  c o n t r a s t  t o  a g l o b a l ,  way 
o f  p e r c e iv in g  e n t a i l s  a  te n d e n c y  to  e x p e r ie n c e  i te m s  
a s  d i s c r e t e  from  t h e i r  b a c k g ro u n d s , and  r e f l e c t s  
a b i l i t y  to  overcom e th e  in f lu e n c e  o f  an  im bedded con­
t e x t .  P e o p le  d i f f e r  i n  th e  e x t e n t  t o  w h ich  t h e i r  
p e r c e p t io n  i s  a n a l y t i c a l .  T h is  d im e n s io n  o f  i n d i v i d ­
u a l  d i f f e r e n c e s  h a s  b een  c a l l e d  f i e ld - d e p e n d e n c e -  
in d e p e n d e n c e . A te n d e n c y  to w ard  an  a n a l y t i c a l  o r  g lo b a l  
way o f  p e r c e iv in g  c h a r a c t e r i z e s  a  p e r s o n 's  p e r c e p t io n  
i n  a  w id e  v a r i e t y  o f  s i t u a t i o n s ,  m aking f o r  m arked 
i n d i v i d u a l  s e l f - c o n s i s t e n c y .  (W itk in , 1 9 6 2 :5 7 -5 # )
The m ost commonly u s e d  o f  th e s e  f i e l d  in d e p e n d e n c e  -  
f i e l d  d ep en d en ce  t e s t s  in c lu d e  t h e  R od-and-Fram e T e s t ,  th e
id
T i l t in g - R o o m - T i l t in g - C h a i r  T e s t ,  an d  t h e  E m bedded-F igure  
T e s t  (E F T ), ( S p i t l e r ,  1 9 7 0 :1 5 ) I n  e a ch  t e s t  th e  s u b je c t  
i s  r e q u i r e d  t o  d i f f e r e n t i a t e  e i t h e r  h im s e l f  o r  an  o b je c t  
from  a  s u r ro u n d in g  f i e l d .  ( S p i t l e r ,  1 9 7 0 :1 5 )
W hile  t h e s e  t e s t s  c o u ld  be c o n s id e re d  m e asu re s  o f  
a n a l y t i c a l  c o g n i t io n ,  th e y  a r e  l i m i t e d  t o  a n a l y s i s  o f  
f i g u r a l  o r  s p a t i a l  c o n t e n t .  Meaux fo u n d  EFT p e rfo rm a n c e  
t o  b e  p r e d i c t a b l e  from  know ledge o f  s p a t i a l  and  co m p ariso n  
a b i l i t i e s ,  b u t  r e a s o n in g  to  b e  o f  l i t t l e  im p o r ta n c e  i n  
EFT p e r fo rm a n c e . (M eaux, 1 9 6 0 :1 6 2 5 )
C o n te n t and  c o g n i t iv e  p r o c e s s  a r e  i n e x t r i c a b l y  
in v o lv e d ;  how ev er, a n a l y t i c a l  o o g n i t io n  o f  a  w ide  ra n g e  
o f  c o n te n t  seem s to  be  a  v e ry  r e a l i s t i c  c o n c e rn  o f  ed u c a ­
t o r s .  Rosman s tu d i e d  th e  a n a l y t i c  s t y l e s  o f  f i r s t  and 
seco n d  g ra d e  boys an d  fo u n d  c o n s i s t e n t  i n d i v i d u a l  d i f ­
f e r e n c e s  i n  t h e  te n d e n c y  o f  young c h i ld r e n  to  a n a ly z e  
s t im u lu s  c o n t e n t .  The s o u rc e s  o f  th e s e  i n d i v i d u a l  
d i f f e r e n c e s  w ere  l e f t  open  t o  q u e s t io n .  (Rosman, 1966 :2126) 
H ow ever, W ah ler i n d i c a t e d  t h a t  d i s c r i m i n a t i o n  t r a i n i n g  can  
s i g n i f i c a n t l y  en h an ce  o n es  sp e ed  i n  l o c a t i n g  s t im u lu s  
f i g u r e s  when im bedded i n  a  f i e l d .  (W ah le r, 1963 :403 )
W itken  r e l a t e d  th e s e  i n d i v i d u a l  d i f f e r e n c e s  t o  b o th  s e x  
and  m a tu r a t io n  l e v e l .  (W itk en , 1 9 6 2 :3 7 4 )
I n  a n  in - d e p th  a n a l y s i s  o f  th e  m a jo r  p o s i t i o n s  o f  
r e s e a r c h e r s  o f  c o g n i t iv e  s t y l e s ,  S p i t l e r  fo u n d  t h a t  s c h o o l  
m a th e m a tic s  c u r r ic u lu m s  p la c e  a  h ig h  prem ium  on  f i e l d  
in d e p e n d e n t  ( a n a l y t i c a l )  c o g n i t iv e  s t y l e .  ( S p i t l e r ,  1970:
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1 7 1 -1 7 3 ) S p i t l e r  co n c lu d ed  t h a t  f i e l d  in d e p e n d e n t -  f i e l d  
d e p e n d e n t c o g n i t iv e  s t y l e s  a r e  p s y c h o lo g ic a l  c o n s t r u c t s  
t h a t  h av e  p ro fo u n d  i m p l i c a t i o n s  f o r  m a th e m a tic s  e d u c a t io n .  
( S p i t l e r ,  1 9 7 0 j1 71 -173)
S t a t i s t i c a l l y  s i g n i f i c a n t  n e g a t iv e  c o r r e l a ­
t i o n s  w ere  fo u n d  b e tw een  p e r c e p tu a l  f ie ld -d e p e n d e n c y  
a s  m easu red  b y  th e  Embedded F ig u re  T e s t  an d  m a th e m a ti­
c a l  a b i l i t i e s ;  i . e . ,  t h e  p o o re r  m a th e m a tic s  s tu d e n t s  
w ere  m ore f i e ld - d e p e n d e n t  and  th e  b e t t e r  w ere  m ore 
a n a l y t i c  and  in d e p e n d e n t i n  t h e i r  p e r c e p t io n .  
( R o s e n f ie ld ,  196S :3S0)
The l i t e r a t u r e  on t e s t  c o n s t r u c t io n  an d  t e s t  
r e f in e m e n t  i s  f i l l e d  w ith  v a ry in g  o p in io n .  F o r th e  
p u rp o s e s  o f  t h i s  s tu d y ,  R o b e rt E b e l 's  M easu rin g  E d u c a t io n a l  
A ch ievem en t and  H. E . G a r r e t t ' s  S t a t i s t i c s  i n  P sy ch o lo g y  
and  E d u c a tio n  w i l l  be u se d  a s  p r i n c i p a l  r e f e r e n c e s  i n  
d e te r m in a t io n  o f  t e s t  r e l i a b i l i t y  and  c o n te n t  v a l i d i t y .
CHAPTER I I I  
DEVELOPMENT OF THE TEST ITEMS
F o rm u la t io n  o f  t h e  O b je c t iv e s
C r i t i c a l  t o  t h e  d ev e lo p m en t o f  M  ^ w as th e  f o r m u la t io n  
o f  a  s e t  o f  m e a s u ra b le  b e h a v io r a l  o b j e c t i v e s  w hich  w ould  be 
i n d i c a t i v e  o f  a n a l y t i c a l  c o g n i t io n  a t  ea ch  o f  th e  t h r e e  
l e v e l s  -  a n a l y s i s  o f  e le m e n ts ,  a n a l y s i s  o f  r e l a t i o n s h i p s ,  
and  a n a l y s i s  o f  o r g a n i z a t i o n a l  p r i n c i p l e s *  O b je c t iv e s  w h ich  
w ere  m e a s u ra b le  th ro u g h  th e  medium o f  m u l t ip l e - c h o ic e  i te m s  
w ere  f a v o re d  b e c a u se  o f  th e  u s a b i l i t y  f a c t o r  f o r  c la s s ro o m  
s i t u a t i o n s .
A n a ly t i c a l  th in k in g  by d e f i n i t i o n  i s  a  slow  s t e p -  
b y - s te p  p ro c e s s *  (B ru n e r ,  1 9 6 0 :5 7 -5 3 )  A sp e e d  t e s t  w as 
n o t  d e s i r a b l e  a s  a  m easu re  o f  a n a l y s i s ,  b u t  a t  th e  same 
tim e  th e  t e s t  w as to  b e  u s a b le  f o r  s e c o n d a ry  s c h o o l c l a s s ­
room s. An u n tim e d  t e s t  o f  two h u n d red  i te m s  w ould  o r d i n a r ­
i l y  g iv e  a b e t t e r  sa m p lin g  o f  t h e  u n iv e r s e  o f  a n a l y t i c a l  
b e h a v io r s  th a n  w ould a  s h o r t e r  t e s t ,  b u t  th e  lo n g e r  t e s t  
w ould  have low  u s a b i l i t y  f o r  c la s s ro o m  s i t u a t i o n s .  T h ere  
was a l s o  some q u e s t io n  a s  t o  t h e  d e s i r a b i l i t y  o f  an  
e x c e s s iv e ly  lo n g  t e s t  due t o  t h e  f a t i g u e  f a c t o r ,  w h ich  
w ould  be e x p e c te d  to  p la y  a  r o l e  i n  any  m easu re  o f  
a n a l y t i c a l  b e h a v io r .
The l e n g th  o f  t h e  t e s t  had  t o  b e  s e v e r e ly  l i m i t e d
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an d  t h e r e f o r e  th e  o b j e c t i v e s  w ere  a l s o  l i m i t e d ,  The 
c o n te n t  o f  th e  o b j e c t i v e s  w as r e s t r i c t e d  t o  n u m e r ic a l  
and  a l g e b r a i c  c o n te n t  a s  p r e v io u s ly  d e f in e d  ( s e e  p ag e  6 ) .
The o b j e c t i v e s  w ere th e n  d e s ig n e d  to  in c lu d e  sam p les  a t  
e ach  o f  th e  t h r e e  l e v e l s  o f  a n a l y s i s ,  b u t  l im i t e d  by 
c o g n i t iv e  p r o c e s s e s  o r d i n a r i l y  a s s o c i a t e d  w i th  two c o l le g e  
m a th e m a tic s  c o u r s e s  -  r e a l  number a n a l y s i s  an d  num ber 
t h e o r y .  T h is  r e s t r i c t i o n  was chosen  w ith  t h e  hope o f  
c o n s t r u c t in g  an  in s t r u m e n t  w h ich  w ou ld  m easu re  c o g n i t iv e  
p r o c e s s e s  w hich  w ould  b e  m a th e m a tic a l ly  u s e f u l  in  t h e  
f u t u r e  o f  se c o n d a ry  s c h o o l  p u p i l s .
F o rm u la tin g  o b j e c t i v e s  a t  t h e  t h i r d  l e v e l  o f  a n a l y s i s  
( a n a l y s i s  o f  o r g a n i z a t i o n a l  p r i n c i p l e s )  p r e s e n te d  a  f a r  
more d i f f i c u l t  t a s k  th a n  f o r  th e  f i r s t  two l e v e l s .  The 
la c k  o f  a  u n iq u e  s e t  o f  o r g a n i z a t i o n a l  p r i n c i p l e s  t h a t  
g e n e r a te  a  m a th e m a tic a l  f u n c t io n  p re c lu d e d  t h e  s a t i s f a c t o r y  
f o r m u la t io n  o f  t h i r d - l e v e l  o b j e c t i v e s  w h ich  w ere  m e a su ra b le  
th ro u g h  m u l t ip l e - c h o ic e  i te m s .  I t  w as d e c id e d ,  how ever, t o  
s t a t e  t h i r d - l e v e l  o b j e c t i v e s  f o r  m u l t ip l e - c h o ic e  m e asu re ­
m ent and  th e n  o b v ia te  th e  d u a l i t y  o f  c o r r e c t  r e s p o n s e s  to  
e ach  i te m  by m e t ic u lo u s  i te m  c o n s t r u c t io n .
The n in e  b e h a v io r s  t h a t  have  been  u s e d  to  d e f in e  
a n a l y s i s  w ere  fo rm u la te d  i n  l i g h t  o f  th e  l i m i t a t i o n s  and  
g o a l s  p r e v io u s ly  s t a t e d .  I n  o r d e r  t o  a v o id  a m b ig u ity  and  to  
f a c i l i t a t e  i te m  f o r m u la t io n ,  a n  a t te m p t  w as made to  s t a t e  
th e s e  n in e  o b j e c t i v e s  i n  m a th e m a tic a l ly  p r e c i s e  te rm s .
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The r e s u l t i n g  o b j e c t i v e s ,  t o  b e  m a th e m a tic a l ly  p r e c i s e ,  
te n d e d  to  b e  so com plex  t h a t  c a r e f u l  a n a l y s i s  was r e q u i r e d  
by  th e  r e a d e r  f o r  p r o p e r  u n d e r s ta n d in g .  H ow ever, b e c a u se  
o f  th e  m a th e m a tic a l  e x p e r t i s e  o f  th o s e  who w ere  r e q u i r e d  to  
u n d e r s ta n d  th e  o b j e c t i v e s  (nam ely  th e  p a n e l  o f  e x p e r t s ) ,  
t h i s  d i f f i c u l t y  w as n o t  c o n s id e re d  c r i t i c a l .
D evelopm ent o f  t h e  I te m s
I n  l i g h t  o f  th e  n in e  b e h a v io r a l  o b j e c t i v e s ,  t h e  i te m s  
w ere  d e v e lo p e d  w ith o u t  r e f e r e n c e  to  o u t s i d e  r e s o u r c e s  su c h  
a s  t e x t  b o o k s , s ta n d a r d iz e d  t e s t s ,  and  p e r s o n a l  c o n s u l t a ­
t i o n s .  An o f t e n  s t a t e d  c o m p la in t a b o u t s ta n d a r d iz e d  t e s t s  
c o n c e rn s  a  la c k  o f  o r i g i n a l i t y  o f  t h e  t e s t  i te m s  (B u ro s , 
1 9 6 5 :3 6 2 -9 2 1 ) and a s  w as t o  be  an  in n o v a t io n  i n  m e a su r in g  
in s t r u m e n ts ,  t h e r e  was a  d e c id e d  a d v a n ta g e  i n  i n i t i a l l y  
d e v e lo p in g  th e  i te m s  i n  i s o l a t i o n  from  o u t s id e  r e s o u r c e s .
The w o rd in g  o f  th e  i te m s  p r e s e n te d  th e  p ro b lem  o f  
b r e v i t y  and s i m p l i c i t y  v e r s u s  m a th e m a tic a l  p r e c i s i o n .  
P e r s i s t e n c e  i n  t h e  u s e  o f  m a th e m a tic a l ly  p r e c i s e  te rm in o lo g y  
te n d e d  to  en g e n d e r v e rb o se  and le n g th y  i te m s  w h ich  c o u ld  
r e s u l t  i n  undue c o n fu s io n  on th e  p a r t  o f  th o s e  f o r  whom th e  
t e s t  w as in te n d e d .  How ever, p u p i l s  who p e rfo rm e d  s o p h i s ­
t i c a t e d  a n a l y s i s  on  th e  i te m s  c o u ld  be p e n a l iz e d  i f  t h e  
i te m s  w ere lo o s e ly  w o rded . A com prom ise w as a t te m p te d  
w here  t h e  la n g u a g e  o f  t h e  i te m s  was c a r e f u l l y  d e s ig n e d ,  
b u t  some m a th e m a tic a l  e x a c tn e s s  was s a c r i f i c e d .
F or exam ple , i n  i te m  V I I I -£  o f  (S e e  A ppendix  A) 
r e f e r e n c e  i s  made to  a n  o p e r a t io n  fro m  th e  s e t  o f  o rd e re d  
p a i r s  o f  i n t e g e r s  c r o s s  th e  o rd e re d  p a i r s  o f  i n t e g e r s  i n to
and e a r e  i n t e g e r s .  An o p e r a t io n  on a  s e t  A i s  a  f u n c t io n  
from  AxA in to  A and t h e r e f o r e  to  be m a th e m a t ic a l ly  p r e c i s e  
th e  o p e r a t io n  n ee d s  t o  be su ch  t h a t  ( ( a , b ) ,  ( c , d ) )  ( e , f )
w here a ,  b , c ,  d , e ,  an d  f  a r e  i n t e g e r s .  T h is  c o u ld  have 
been  a c c o m p lish e d  h ad  th e  r i g h t  s id e  o f  e a c h  e q u a t io n  been  
an  e x p r e s s io n  o f  t h e  fo rm  ( e ,0 )  i n s t e a d  o f  e .  How ever, i t  
was d e c id e d  t h a t  th e  c l a r i t y  o f  th e  i te m  w ould  be en h an ced  
f o r  p u p i l s  who w ere  u n f  ami l i a r  w ith  a b s t r a c t  o p e r a t io n s
r e p la c e d  by a  s e t  w h ic h  i s  iso m o rp h ic  to  i t  -  nam ely 
£  i n t e g e r s ^  •
On th e  o th e r  h a n d , e x p r e s s io n s  su ch  a s  " th e r e  e x i s t , "  
"su ch  a s , "  and  " i f  an d  o n ly  i f , "  so  f a m i l i a r  to  t h e  t r a i n e d  
m a th e m a tic ia n  b u t  n o t  n e c e s s a r i l y  to  p u p i l s  who w ould  ta k e  
th e  t e s t ,  w ere  in c lu d e d  on th e  p re m ise  t h a t  t h e  m ean ings 
o f  su c h  e x p r e s s io n s  w e re  th e  same i n  t h e  c o n te x t  o f  a s  
th e y  a r e  in  o r d in a r y ,  e v e ry d a y  E n g l i s h .  A n o te  w as made to  
c a r e f u l l y  i n s t r u c t  Ss-j_ and  S s 2 t o  r e a d  e a ch  w ord an d  i n t e r ­
p r e t  m ean in g s l i t e r a l l y .
The u s e  o f  s h o r th a n d  sym bols and m a th e m a tic a l  te rm s  
was r e s t r i c t e d  to  t h o s e  w h ich  a r e  common an d  t y p i c a l l y  
b a s ic  t o  i n t r o d u c t o r y  a lg e b r a  c o u r s e s .
th e  i n t e g e r s ,  i . e . ,  ( ( a , b ) ,  ( c ,d ) )  e w here  a ,  b ,  c ,  d ,
( a s  S s ^  and S s2 w ere  u n f a m i l i a r )
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T h ird  l e v e l  a n a l y t i c a l  i te m s  w ere d e s ig n e d  to
o b v ia te  th e  p ro b lem  o f  d u a l  c o r r e c t  r e s p o n s e s  a s  p r e v io u s ly
m e n tio n e d . F o r ex am p le , i n  i te m  V II -2  o f  (S ee  A ppendix  A ),
t h e r e  a r e  an  i n f i n i t e  number o f  se q u e n c e s  w hose f i r s t  f o u r
te rm s  a r e  1 , - i —, - i —. and - 4- .  However, when g iv e n  t h a t
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' • a l l  th e  te rm s  a r e  d ev e lo p ed  by th e  same p a t t e r n , "  o n ly  an 
e x tre m e ly  d iv e r g e n t  t h i n k e r  w ou ld  f i t  th e s e  f i r s t  f o u r  te rm s  
i n t o  any o t h e r  se q u en ce  b e f o r e  h e  re c o g n iz e d  ^  ^ 2 '^  *  i*
The d i f f i c u l t y  i s  f u r t h e r  m i t ig a t e d  by c a r e f u l l y  c h o o s in g  
th e  p o s s i b l e  a l t e r n a t i v e s  ( a ,  b ,  c ,  d , and  e )  so t h e r e  
w ould  b e  l i t t l e  ch an ce  t h a t  one o f  th e  d i s t r a c t o r s  c o u ld  be 
f i t  i n t o  a  se q u en ce  d e te rm in e d  by a  common p a t t e r n .  Each 
o f  t h e  t h i r d  l e v e l  i te m s  was t r i a l  t e s t e d  on f o u r  g r a d u a te  
m a th e m a tic s  s tu d e n t s  and i n  no c a s e  w as a  d i s t r a c t o r  fo u n d  
t o  be  a t e n a b le  r e s p o n s e .
B e fo re  d e te rm in in g  w h at a n  a d e q u a te  l e n g th  o f  
w ould  b e , i t  w as n e c e s s a ry  t o  e s t im a te  t h e  num ber o f  i te m s  
t h a t  members o f  S s^  and  Ss£  c o u ld  be e x p e c te d  to  an sw er i n  
a  t y p i c a l  f i f t y  m in u te  c l a s s  p e r i o d .  T h e r e f o r e ,  a f t e r  
n i n e t y - t h r e e  i te m s  had b een  c o n s t r u c te d ,  s i x  s e c o n d a ry  
s c h o o l  s e n i o r s  w ere  g iv e n  a n  u n tim e d  t r i a l  t e s t  o f  t h i r t y  
i te m s  from  M- .^ A f t e r  f i f t y  m in u te s ,  th e  num ber o f  i te m s  
c o m p le ted  by  ea ch  p u p i l  w as r e c o r d e d .  The p u p i l s  w ere  th e n  
a l lo w e d  to  co m p le te  th e  re m a in d e r  o f  th e  t e s t .
Table 1
R e s u l t s  o f  th e  T r i a l  T e s t  o f  T h i r ty  I te m s  U sed i n  E s t im a t in g  
th e  Number o f  I te m s  t h a t  Can Be C om pleted  i n  F i f t y  M in u te s
P u p i l
Number o f  I te m s  
C om pleted  A f t e r  
F i f t y  M in u te s
Time Used To 
C om plete A l l  
T h i r ty  I te m s
T e s t  S c o re
A 30 50 m in u te s 21
B 22 63 m in u te s 20
C 22 70 m in u te s 24
D 21 S3 m in u te s 25
E 14 9S m in u te s 23
F 14 100 m in u te s 19
The g ro u p  d e f i n i t e l y  re sp o n d e d  to  t h e  i te m s  a t  a 
m ore r a p id  r a t e  a f t e r  th e  f i r s t  f i f t y  m in u te s  th a n  th e y  
d id  d u r in g  t h e  i n i t i a l  f i f t y  m in u te s .  (S ee  T a b le  1) The 
a u th o r  o b s e rv e d  t h a t  m ost o f  t h e  p u p i l s  to o k  a b o u t f i f t e e n  
m in u te s  to  o r i e n t  t h e i r  t h in k i n g  to  th e  p a r t i c u l a r  c o g n i t iv e  
a c t i v i t y  r e q u i r e d  by th e  i t e m s .
I t  w as d e c id e d  t h a t  T^ and  Tg s h o u ld  ea ch  c o n s i s t  
o f  t h i r t y  i te m s  to  be  a d m in is te r e d  i n  two f i f t y  m in u te  
s e s s i o n s .
The s i x  p u p i l s  who to o k  th e  t r i a l  t e s t  o f f e r e d  th e  
f o l lo w in g  u n so u g h t com m ents: " E n jo y a b le ! ” "May I  t a k e  
a n o th e r  t e s t  l i k e  t h i s ? "  " I* v e  n e v e r  t a k e n  a  t e s t  l i k e  
t h i s  b e f o r e ,  i t  m akes you  th i n k ! "  " I t  w as d i f f e r e n t . "
ICHAPTER IV 
JUDGMENT OF CONTENT VALIDITY
Members o f  t h e  p a n e l  o f  e x p e r t s  w ere  ch o se n  on th e  
b a s i s  o f  t h e i r  r e p u t a t i o n  i n  m a th e m a tic s  e d u c a t io n .  W r i t t e n  
l e t t e r s  an d  p e r s o n a l  m e e tin g s  w ere u s e d  to  e x p la in  th e  
p r o j e c t  to  th e  p a n e l  and  t o  r e q u e s t  t h e i r  s e r v i c e s .  Each 
member a g r e e d  to  ju d g e  t h e  i te m s  o f  and  w ere  s u b s e q u e n t ly  
p ro v id e d  w i th  q u e s t io n n a i r e s  (S ee  A ppendix  A ) .
The r e s u l t s  o f  th e  p a n e l ’ s  ju d g m en t a r e  r e p o r t e d  in  
T a b le  2 .  One ju d g e  p r e f a c e d  h i s  r e s p o n s e s  w i th  t h e  re m a rk ,
" I  s h o u ld  . . .  in fo rm  you c o n c e rn in g  my v e ry  s t r o n g  n e g a t iv e  
a t t i t u d e  to w a rd  t h e  u se  o f  m u l t ip l e - c h o ic e  q u e s t io n s  a s  a 
v a l i d  t e s t i n g  te c h n iq u e .  To my way o f  t h in k i n g  th e  s i t u a ­
t i o n s  a r e  e x tre m e ly  r a r e  i n  w h ich  su c h  a  te c h n iq u e  i s  an y ­
th in g  m ore th a n  a m easu re  o f  a  c o m b in a tio n  o f  t h e  pow er 
o f  s u g g e s t io n ,  g u e ssw o rk , and  l u c k . ” T h is  p a r t i c u l a r  
ju d g e  r e tu r n e d  th e  o n ly  q u e s t io n n a i r e  o u t  o f  t h e  e i g h t  
t h a t  w as n o t  o v e rw h e lm in g ly  f a v o r a b le .
O n ly  two i te m s  fro m  M- ,^ I I - #  an d  V I I I - 2 ,  w ere e x c lu d e d  
from  Mg a s  t h e r e  w as l i t t l e  u n f a v o r a b le  a g ree m en t on any  o f  
t h e  i te m s .
F o r  ex am p le , one ju d g e  m arked i te m  IV -2  f a v o r a b le ,  
b u t  commented t h a t  i t  w as ” to o  to u g h  a  p ro b lem  f o r  h ig h  
s c h o o l  s t u d e n t s . "  A n o th e r  ju d g e  m arked IV -2  u n f a v o r a b le
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w ith  th e  rem ark  t h a t  i t  was " to o  e a sy "  and i n d i c a t e d  t h a t  
i t  r e q u i r e d  no more th a n  s im p le  c o m p u ta t io n . I te m  1 -7  was 
c o n s id e r e d  a "good p ro b lem " by  one ju d g e  and "am b iguous" 
by a n o th e r .
One ju d g e  d id  n o t  an sw er s e c t i o n s  V I I ,  V I I I ,  and 
IX an d  gave t h e  f o l lo w in g  e x p la n a t io n s :  R e g a rd in g  s e c t i o n s  
V II and IX , "P ro b lem s o f  t h i s  ty p e  do n o t  i n  g e n e r a l  have 
a  u n iq u e  s o l u t i o n . "  R e g a rd in g  s e c t i o n  V I I I ,  " I n  t h i s  s e c t i o n  
you  m ust be assum ing  t h a t  th e  b in a ry  o p e r a t io n  * h a s  some 
a d d i t i o n a l  p r o p e r t i e s  ( e . g . ,  co m m u ta tiv e , a s s o c i a t i v e ,  
d i s t r i b u t e s  o v e r  +, e t c . ) ,  f o r  o th e rw is e  th e  a n sw e rs  a r e  n o t  
u n iq u e . "
A n o th e r  ju d g e  m arked  s e c t i o n  V I I I  u n fa v o ra b ly  w ith  
t h e  comment, "You a r e  c o n s i s t e n t l y  m e a su r in g  th e  same 
o b j e c t i v e ,  b u t  i t  i s  n o t  th e  one  you s t a t e d . "  And y e t  
a n o th e r  ju d g e  d id  n o t  m ark s e c t i o n  V an d  w ro te ,  "D o esn ’ t  
seem  t h a t  t h e s e  q u e s t io n s  c a r r y  o u t t h e  o b j e c t i v e .  He 
i s n ' t  a sk ed  t o  make a  d i s t i n c t i o n  on t h e  c o n c lu s io n .  E i t h e r  
t h e  o b j e c t i v e  o r  th e  t e s t  i te m s  need  t o  be c h a n g e d ."
As T a b le  2 i n d i c a t e s ,  o th e r  p a n e l  members ju d g e d  
th e s e  s e c t i o n s  f a v o r a b ly  and c o n s e q u e n t ly  a l l  n in e  o b j e c t i v e s  
w ere  r e t a i n e d  f o r  m easurem en t by and  Tg.
I n  g e n e r a l  th e  p a n e l 's  comments c o r r o b o r a te d  th e  
a u t h o r 's  b e l i e f  t h a t  t h e  m ost d i f f i c u l t  i te m s  w ere  in c lu d e d  
i n  s e c t i o n s  V I I ,  V I I I ,  and  IX . H ow ever, th e  i te m  a n a l y s i s  
p e rfo rm e d  on t h e  r e s u l t s  o f  a d m in is t e r in g  and  T2 p ro v ed  
t h i s  p o s i t i o n  to  be u n te n a b le .
2d
T ab le  2
The P a n e l  o f  E x p e r t s '  Judgm ent o f  M-^  f o r  C o n ten t V a l i d i t y
Mh Number Number o f  "Y es”
R esp o n ses
Number o f  "No" 
R e sp o n se s
Number N ot 
R espond ing
1 - 1 7 1 0
1 -2 7 1 0
1 -3 6 2 0
1 - 4 6 2 0
1 -5 6 2 0
1 -6 6 2 0
1 -7 7 1 0
i - d 7 1 0
1 -9 7 1 0
I -1 0 6 2 0
1 -1 1 6 2 0
1 -1 2 6 2 0
I I -1 7 1 0
I I - 2 7 1 0
I I -3 6 1 1
I I - 4 7 1 0
1HH 7 1 0
I I -6 6 1 1
I I -7 5 2 1
I I  -6 3 4 1
Table 2 (Continued)
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M-, Number Number o f  "Y es" Number o f  "No” Number N ot
R esp o n se s  R esp o n ses R espond ing
I I -9  7 0
1 1 -1 0  7 1 0
I I -1 1  6 0
1 1 -1 2  7 1 0
I I I - l  7 1 0
I I I - 2  7 1 0
I I I - 3  7 1 0
I I I - 4  7 1 0
IV -1  B 0
IV -2  7 1 0
IV -3  7 1 0
IV -4  7 1
IV -5  6 1 1
IV- 6  7 1 0
IV -7  7 1 0
IV -g  7 1 0
IV -9  7 1 0
IV -1 0  7 1 0
IV -1 1  7 1 0
IV -1 2  7 1 0
V - l  7 0 1
Table 2 (Continued)
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M., Number Number o f  "Y es"
R esp o n ses
Number o f  "No" 
R esp o n ses
Number N ot 
R esp o n d in g
V-2 7 0 1
V-3 5 2 1
7 -4 6 1 1
7 -5 6 0 2
V-6 7 0




V - l l 7 0
V-12 7 0
VI-1 3 0 0
VI - 2 3 0 0
V I-3 7 0 1
VI- 4 7 0 1
VI-5 3 0 0
VI-6 3 0 0
VI- 7 3 0 0
VI - 8 3 0 0
VI- 9 3 0 0
VI -1 0 3 0 0
Table 2 (Continued)
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M., Number Number o f  "Y es"
R esp o n ses
Number o f  "No” 
R esp o n ses
Number N ot 
R espond ing
V I-1 1 3 0 0
VI -1 2 3 0 0
V II -1 7 0 1
V II - 2 7 0 1
V II-3 7 0 1
V II - 4 7 0 1
V II -5 6 0 2
V II - 6 6 0 2
V II - 7 6 0 2
V II -3 6 0 2
V II -9 7 0 1
V II -1 0 7 0 1
V II -1 1 7 0 1
VTI-1 2 7 0 1
V I I I - 1 6 1 1
V I I I -2  





V I I I - 4 6 1 1
V I I I - 5  





V I I I -7 6 1 1
Table 2 (Continued)
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M-^  Number Number o f  "Y es” 
R e sp o n se s
Number o f  "No” 
R esp o n ses
Number Not 
R espond ing
V I I I - S 5 2 1
V I I I -9 5 1 2
V I I I -1 0 6 1 1
V I I I -1 1 6 1 1
V T II-1 2 5 2 1
IX -1 7 0 1
IX -2 7 0 1
IX -3 7 0 1
ix -u 7 0 1
IX -5 6 0 2
CHAPTER V 
ENHANCING RELIABILITY
From t h e  n in e ty -o n e  i te m s  o f  Mg, s i x t y  w ere  ch o sen  
t o  d e v e lo p  T^ an d  Tg (S ee  A ppend ixes B and  C ) . Each t e s t  
w as d e s ig n e d  to  b e  a d m in is te r e d  in  two f i f t y  m in u te  s e s s i o n s .  
S s^  c o n s i s t e d  o f  127 p u p i l s  i n  two t r ig o n o m e tr y  and t h r e e  
a l g e b r a  I I  s e c t i o n s  a t  B roadm oor H igh S c h o o l i n  B aton  Rouge, 
L o u is ia n a .  Ssg  c o n s i s t e d  o f  123 p u p i l s  i n  one t r ig o n o m e try  
an d  f o u r  a l g e b r a  I I  s e c t i o n s  a l s o  a t  B roadm oor. The 
a u t h o r  a d m in is te r e d  b o th  T^ and  Tg o v e r  a  fo u r -d a y  p e r io d .  
S s^  to o k  t h e  f i r s t  f o u r t e e n  i te m s  o f  T^ i n  t h e i r  r e g u l a r  
m a th e m a tic s  c l a s s  p e r io d s  and th e  l a s t  s i x t e e n  i te m s  i n  
t h e i r  r e g u l a r  m a th e m a tic s  c l a s s e s  on t h e  v e ry  n e x t  d a y . 
S i m i l a r l y ,  Ssg  to o k  th e  f i r s t  f i f t e e n  i te m s  o f  T^ one day  
an d  th e  l a s t  f i f t e e n  on th e  v e ry  n e x t  d a y .
C are  w as ta k e n  t o  a d m in i s t e r  t h e  t e s t  i n  a  s i m i l a r  
m anner to  a l l  c l a s s e s .  H ow ever, th e  f a c t  t h a t  some c l a s s e s  
w ere  t e s t e d  i n  t h e  m o rn in g , o th e r s  t e s t e d  i n  t h e  a f te r n o o n ,  
an d  a l l  c l a s s e s  w ere  t e s t e d  o v e r  a  tw o -d ay  p e r io d  in c r e a s e d  
t h e  f a c t o r s  w h ich  c o u ld  h av e  lo w ered  t h e  i n d i c e s  o f  d i s ­
c r im in a t io n  o f  th e  t e s t  i t e m s .  D e s p i te  th e s e  c o n s e q u e n c e s , 
t e s t i n g  w i th in  th e  ev e ry d a y  s c h o o l c l a s s  s c h e d u le  was ch o sen  
o v e r  a r r a n g in g  f o r  a tw o -h o u r  b lo c k  f o r  a l l  p u p i l s  i n  o r d e r  
t o  en h an ce  c la s s ro o m  u s a b i l i t y .
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P r i o r  to  t h e  b e g in in g  o f  each  a d m i n i s t r a t i o n ,  t h e  
p u p i l s  w ere  in fo rm e d  t h a t  t h e  p u rp o se  o f  t h e i r  t a k in g  th e  
t e s t  was t o  " t e s t  th e  t e s t . "  I t  was p o in te d  o u t  t h a t  i n  
no way w ou ld  t h e i r  g r a d e s  o r  s c h o o l  r e c o r d s  be a f f e c t e d  by 
t h e i r  s c o r e s  on t h i s  t e s t .  The p u p i l s  w ere r e q u e s te d  t o  
p u t  f o r t h  t h e i r  b e s t  e f f o r t s  i n  o r d e r  t h a t  th e y  c o u ld  
c o n t r i b u t e  to  t h e  b e t te r m e n t  o f  e d u c a t io n .
B ecau se  o f  a  p r i o r  c o n c e rn  t h a t  members o f  Ss^ 
and Ssg  w ould  be u n f a m i l i a r  w i th  th e  te rm  " s e q u e n c e ,"  
a s  u sed  i n  S e c t io n  D o f  and S e c t io n  D o f  Tg, e a c h  c l a s s
w as t o l d  t h e  f o l lo w in g :  "A se q u en ce  i s  a  s e t  o f  o rd e r e d  
e le m e n ts ;  t h a t  i s ,  t h e r e  i s  a  f i r s t  e le m e n t, a  seco n d  e le m e n t, 
e t c .  On t h i s  t e s t  th e  f i r s t  te rm  i s  d e n o te d  by S ^ , t h e  
seco n d  by  Sg, an d  in  g e n e r a l  t h e  n th  by  Sn ."
F o r  s i m i l a r  r e a s o n s  c o n c e rn in g  S e c t io n  H o f  T^ and 
S e c t io n  H o f  Tg, e a c h  c l a s s  w as a ls o  i n s t r u c t e d  a s  f o l lo w s :
" I n  t h e  s e c t i o n  in v o lv in g  th e  sym bol * , th e  p ro b lem  i s  to  
f i g u r e  o u t  w hat * m eans i n  e a c h  c a s e ."
The "N o te"  on th e  c o v e r  o f  T^ and  Tg (S ee  A ppend ixes 
B and C) w as r e a d  a lo u d  an d  t h e  p u p i l s  w ere  i n s t r u c t e d  to  
b e g in .  On th e  se c o n d  d a y , no a d d i t i o n a l  i n s t r u c t i o n s  w ere  
g iv e n .
I t  becam e v e ry  e v id e n t  a f t e r  s e v e r a l  c l a s s e s  h ad  
ta k e n  T^ an d  Tg, t h a t  t h e  a u th o r  had  o v e r - e s t im a te d  th e  
am ount o f  tim e  t h a t  w ould  be n eed ed  f o r  S s^  and  S sg  t o  
co m p le te  t h e  t h i r t y  i t e m s .  The v a s t  m a jo r i ty  o f  th e  p u p i l s
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n ee d ed  no m ore th a n  t h i r t y - f i v e  m in u te s  f o r  each  o n e -d ay  
s e s s i o n .
The r e s u l t s  o f  t h e s e  a d m in i s t r a t i o n s  a r e  g iv e n  
by T a b le s  3 , 4 ,  5 , 6 , 7 , and  8 ,
As T a b le s  7 an d  8 i n d i c a t e ,  t h i r t y - o n e  i te m s  had
i n d i c e s  o f  d i s c r i m in a t io n  above .4 0  and t h e r e f o r e  w ould 
be c o n s id e r e d  " v e ry  good items** by E b e l (E b e l ,  1 9 6 5 :3 6 4 ) .
Ten i te m s  h ad  in d i c e s  i n  th e  .3 0  to  .39  r a n g e ,  a  c a te g o ry
c l a s s e d  a s  " r e a s o n a b ly  good" by E b e l (E b e l ,  1 9 6 5 :3 6 4 ) .
E ig h t  i te m s  w ere  i n  th e  .2 0  to  .29  ra n g e , w h ich  E b e l w ould 
ty p e  a s  " m a rg in a l  i te m s "  (E b e l ,  1 9 6 5 :3 6 4 ) . Ten i te m s  had  
p o s i t i v e  i n d i c e s  below  .2 0 , and  c o n s e q u e n t ly  w ere c o n s id e re d  
u n s a t i s f a c t o r y .  O nly one i te m  d id  n o t d i s c r i m in a t e  a t  a l l ,  
and  no ite m  d i s c r im in a te d  n e g a t i v e l y .
As T a b le s  3 and  4 i n d i c a t e ,  t h e  d i s t r a c t o r s  g e n e r a l ly  
f u n c t io n e d  i n  a s a t i s f a c t o r y  m anner e x c e p t  f o r  th o s e  i te m s  
w h ich  had  u n s a t i s f a c t o r y  i n d i c e s  o f  d i s c r i m i n a t i o n .
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Table 3
The D i f f i c u l t y  L e v e ls  and R esp o n ses  
t o  A l t e r n a t i v e s  o f  t h e  I te m s  i n  T^
T., M., Number R esponding  t o  E ach D i f f i c u l t y
Number Number A l t e r n a t iv e  No L e v e l
a b c d e R esponse
1 1 -9 99* 2 a 3 13 2 7a.o
2 I -1 1 32* 14 21 2 41 17 2 5 .2
3 I -1 0 23 i a a 32* 24 22 2 5 .2
4 1 -4 3 107* 0 4 11 2 6 4 .3
5 I I I - 3 17 74* 12 15 3 6 53 .3
6 I I I -4 11 16 72* 13 3 12 5 6 .7
7 V-10 4 5 110* 4 4 0 3 6 .6
a V - l l 11 90* 9 4 13 0 7 0 .9
9 V-9 6a* 7 5 0 46 1 53 .5
10 V -l 2a 36 3 41* 7 12 3 2 .3
11 V II-1 13 107* 2 2 3 0 3 4 .3
12 V II -9 92* 1 6 15 7 6 7 2 .4
13 V II -1 1 0 4 0 1 122* 0 9 6 .1
14 V II- 4 1 113* 6 0 6 1 3 9 .0
15 I I -3 22* 19 16 3 $ 27 5 1 7 .3
it
The Number of Correct Responses
Table 3 (Continued)
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T1 M- Number R espond ing  to  Each D i f f i c u l t y
Number Number A l t e r n a t i v e  Mo L e v e l
a  b c d e R esponse
16 I I - 9 B 7 8 77* 26 1 6 0 .6
17 I I - 5 94* 15 4 3 11 0 7 4 .0
18 VI-9 10 4 1 12 100* 0 7 8 .7
19 VI- 8 16 7 73* 26 5 0 5 7 .5
20 V I-6 27* 36 7 15 39 3 2 1 .3
21 V I-5 61 5 43* 3 14 1 3 3 .9
22 IV -1 1 5 19 68* 10 20 5 5 3 .5
23 IV -5 13 14 46 3 50* 1 3 9 .4
24 IV -2 11 2 33 77* 2 2 6 0 .6
25 IV -4 15* 100 6 0 2 4 1 1 .8
26 V I I I - 7 0 0 125* 0 1 1 9 8 .4
27 V I I I -6 122* 4 0 0 0 1 9 6 .1
2B V I I I - 9 0 36 6 57* 7 21 44*9
29 IX -2 94* 3 6 3 12 9 7 4 .0
30 IX -4 5 16 1 100* 1 4 7 6 .7
if
The Number of Correct Responses
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Table 4
The D i f f i c u l t y  L e v e ls  an d  R esp o n ses  
t o  A l t e r n a t i v e s  o f  th e  I te m s  i n  T2
T2 Mh Number R espond ing  to  Each D i f f i c u l t y
Number Number A l t e r n a t i v e  No L e v e l
a b c d e R esponse
1 1 -1 1 16 7 72* 27 0 53 .5
2 1 -3 33 12 34 2 42* 0 3 4 .1
3 1 -5 92* 3 1 5 22 0 7 4 .3
4 1 -7 4 27 9 63* 20 0 5 1 .2
5 V-6 91* 1 6 3 16 1 7 4 .0
6 V-7 92* 4 2 11 14 0 7 4 .3
7 V-12 3 6 14 91* 9 0 7 4 .0
3 V-2 45 15 31* 19 3 10 2 3 .2
9 VI -1 0 3 1 0 75* 44 0 6 1 .0
10 V I-2 117* 1 1 0 4 0 9 5 .1
11 V I-1 10 11 11 76* 15 0 6 1 .6
12 VI-7 7 60* 15 9 32 0 4 3 .3
13 V II-2 0 2 3 116* 1 1 9 4 .3
14 V II -3 2 0 0 0 121* 0 9 3 .4
15 V II-1 2 4 13 93* 3 7 3 7 5 .6
*
The Number of Correct Responses
Table 4 (Continued)
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Tg Number R esp o n d in g  to  E ach  D i f f i c u l t y
Nq
e R esponse
Number Number A l t e r n a t i v e  No L e v e l
16 I I - 2 2 13 71* 16 21 0 5 7 .7
17 I I - 4 69* 10 1 7 36 0 5 6 .1
18 I I - l 44 1 61* 15 2 0 4 9 .6
19 I I I - l 28 7 73* 6 5 4 59 .3
20 I I I - 2 8 86* 4 15 6 4 6 9 .9
21 IV -6 26 43* 16 5 33 0 3 5 .0
22 IV -1 5 9 66* 14 29 0 5 3 .7
23 IV -3 2 76* 2 37 6 0 6 1 .8
24 IV -1 2 3 0 20 79* 20 1 6 4 .2
25 V I I I -1 1 4 92* 12 8 1 6 7 4 .6
26 V I I I -1 0 88* 0 25 8 1 1 7 1 .5
27 V I I I -3 5 93* 21 3 1 0 7 5 .6
28 V I11-4 3 3 0 19 97* 1 7 8 .9
29 IX -3 117* 1 2 0 2 1 9 5 .1
30 IX -1 1 8 86* 21 4 3 6 9 .9
The Number of Correct Responses
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T a b le  5
F re q u en cy  D i s t r i b u t i o n  f o r  th e  S c o re s  o f  Ss^ on
S co re F req u en cy S co re F req u en cy
29 2 18 7
28 2 17 15
27 1 16 13
26 4 15 11
25 2 14 15
24 5 13 5
23 4 12 2
22 5 11 4
21 14 10 1
20 5 9 0
19 9 8 1
The a r i t h m e t i c  mean o f  t h e  s c o r e s  o f  S s^  i s  17»#50«
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T ab le  6
F req u en cy  D i s t r i b u t i o n  f o r  t h e  S c o re s  o f  S s2 on  T2
S co re F req u en cy S co re F req u en cy
30 1 17 3
29 2 16 9
2S 4 15 5
27 3 14 7
26 7 13 5
25 7 12 3
24 5 11 2
23 5 10 ' 2
22 3 9 2
21 6 3 0
20 11 7 0
19 12 6 0
13 3 5 1
The a r i t h m e t i c  mean o f  th e  s c o r e s  o f  S s 2 i s  19*305*
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T ab le  7




Number ° u i* G ** ° l i ID±***
1 1 -9 34 26 .2 4
2 1 -1 1 14 2 .3 5
3 I -10 17 4 .3 6
4 1 -4 34 26 .1 6
5 I I I -3 32 6 .7 6
6 I I I - 4 29 7 .6 5
7 V-10 33 24 .2 6
6 V - l l 32 17 *44
9 V-9 23 6 .4 4
10 V -l 27 1 .76
11 V II-1 31 30 .03
12 V II-9 32 19 .3 6
13 V II-1 1 34 31 .0 6
14 V II-4 31 29 .0 6
15 I I - 3 14 1 .3 6
C . = The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  th e  u p p e r  27# ( th e  g r e a t e s t  
3 4  s c o r e s  i n  r a n k  o r d e r )  o f  S s ^ .
C.,. = The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  th e  lo w e r  27#  ( th e  l e a s t  
3 4  s c o re s  i n  r a n k  o r d e r )  o f  Ss^»







C .*u i Cl i * * ID^***
16 I I -9 31 13 .53
17 I I - 5 30 19 .3 2
18 VI -9 32 18 .4 1
19 V I-8 27 9 .53
20 V I-6 15 0 .4 4
21 V I-5 21 6 .4 4
22 IV -11 27 6 .62
23 IV -5 18 12 .1 8
24 IV -2 27 12 .4 4
25 IV -4 11 2 .2 6
26 V I I I -7 33 33 .0 0
27 V II I -6 34 28 .1 8
28 V I I I -9 24 7 .5 0
29 IX -2 31 21 .29
30 IX -4 31 24 .2 1
C j = T he number o f  c o r r e c t  r e s p o n s e s  to  i te m  i  
o b ta in e d  i n  th e  u p p e r  27#  ( th e  g r e a t e s t  
3 4  s c o r e s  i n  ra n k  o r d e r )  o f  Ss-^.
it it
Cli = T he number o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  th e  lo w e r  27#  ( th e  l e a s t  
3 4  s c o re s  i n  ra n k  o r d e r )  o f  S s ^ .
ititit 1
ID . = (C . -  C , . ) ( —=—) = In d e x  o f  d i s c r i m in a t io n  x ux  ix  34  fQ r  i te m
I
Table 8





Number C .*ui Cii**
1 1 -1 27 13 .42
2 1-3 24 3 • 64
3 1 -5 32 21 .33
4 1 -7 29 11 .55
5 V-6 28 21 .21
6 V-7 30 18 .36
7 V-12 29 22 .21
8 V-2 19 5 .42
9 V I-10 31 9 .6 7
10 V I-2 32 31 .03
11 VI-1 3 0 8 .6 7
12 V I-7 19 12 .21
13 V II- 2 33 27 .1 8
14 V II-3 33 3 0 .0 9
15 V II -1 2 31 21 .3 0
C . » The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  t h e  u p p e r  27#  ( t h e  g r e a t e s t  
33 s c o r e s  i n  r a n k  o r d e r )  o f  S s2 .
C l i  = ^ e  num ber o f  c o r r e c t  r e s p o n s e s  t o  ite m  i  
o b ta in e d  i n  th e  lo w e r  27#  ( th e  l e a s t  
33 s c o r e s  i n  r a n k  o rd e r )  o f  S s2 «






Number c .*u i c i i * * 1
16 I I - 2 29 10
tou\•
17 I I - 4 30 6 .73
13 I I -1 20 3 .3 6
19 I I I - l 30 6 .73
20 I I I - 2 30 13 .3 6
21 IV -6 23 4 .5 6
22 IV -1 24 10 .4 2
23 IV -3 29 9 .6 1
24 IV -12 31 16 .4 6
25 V II I -1 1 30 13 .5 1
26 V II I -1 0 31 13 .5 5
27 V I I I -3 32 14 .5 5
23 V I I I - 4 33 13 .4 6
29 IX -3 33 27 .1 3
30 IX -1 30 15 .4 6
C . = The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  t h e  u p p e r  27$  ( t h e  g r e a t e s t  
33 s c o r e s  i n  r a n k  o r d e r )  o f  S s2 »
it it
C l i  = - ^ e  number o f  c o r r e c t  r e s p o n s e s  to  i te m  i  
o b ta in e d  i n  t h e  lo w e r  27$  ( th e  l e a s t  
33 s c o r e s  i n  r a n k  o r d e r )  o f  S s2 *
-l
ID . = (C . -  C , . ) ( - ——) = In d e x  o f  d i s c r i m i n a t i o n  1 u i  ± i  33 f ( j r  i te m
CHAPTER VI
SYNTHESIZING THE FINAL FORM AND EXAMINING RELIABILITY
The a d m in i s t r a t i o n  o f  T^ t o  S s^  and  T2 to  S s2 
i n d i c a t e d  t h a t  a g r e a t e r  num ber o f  i te m s  sh o u ld  be in c lu d e d  
i n  T^ th a n  w ere  in c lu d e d  in  e i t h e r  T^ o r  T2 . A lso , a n a ly s e s  
o f  th e  s c o r e s  o f  S s^  and S s2 i n d i c a t e d  t h a t  a lg e b r a  I I  
s t u d e n t s  had no d i f f i c u l t y  r e a d in g  and m e a n in g fu lly  r e ­
sp o n d in g  to  t h e  i t e m s .  T h ree  f a c t s  c o r r o b o ra te d  t h i s  
c o n te n t io n :  (1 )  The v a s t  m a jo r i ty  o f  th e  members o f  S s^  
and  S s 2 co m p le ted  ea c h  o f  th e  o n e -d ay  s e s s io n s  i n  no more 
th a n  t h i r t y - f i v e  m in u te s ;  ( 2 ) a g r e a t  number o f  i te m s  had 
d i f f i c u l t y  l e v e l s  i n  e x c e s s  o f  50 (S ee  T a b le s  3 and 4 ) ;  
an d  (3 )  th e  a r i t h m e t i c  mean o f  th e  s c o r e s  o f  S s^  w as 1 7 .# 5  
and  o f  S s2 t h e  mean w as 1 9 . &1 .
The a u th o r  ju d g e d  t h a t  T^ sh o u ld  c o n ta in  f o r t y  
i te m s  an d  t h a t  o n ly  a lg e b r a  I I  c l a s s e s  n eed ed  to  co m p rise  
S s ^ .  F o r ty  i te m s  w ere  c o n s id e r e d  to  be a  num ber w h ich  a l l  
s t u d e n t s  c o u ld  f i n i s h  in  two f i f t y - m i n u t e  s e s s i o n s .  I t  i s  
r e a s o n a b le  t o  assum e t h a t  m ore i te m s ,  p o s s ib ly  f i f t y  o r  
s i x t y ,  c o u ld  have b e e n  in c lu d e d  an d  th u s  th e  r e l i a b i l i t y  
o f  T^ w ould have  b een  en h an ced . How ever, th e  a u th o r  
b e l i e v e d  t h a t  to  have in t r o d u c e d  sp e e d  a s  a  f a c t o r  i n  
d e te r m in in g  th e  s c o r e s  o f  Ss^ w as t o  lo s e  s i g h t  o f  th e  
p u rp o s e  o f  d e v e lo p in g  T ^ . A n a ly s is  o f  m a th e m a tic a l  c o n te n t ,
4 6
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a s  d e f in e d  i n  t h i s  s tu d y ,  i s  a  slow  s t e p - b y - s t e p  p r o c e s s  
an d  no prem ium  s h o u ld  b e  p la c e d  on s p e e d .
I n  g e n e r a l ,  was s y n th e s iz e d  u s in g  th o s e  i te m s  
o f  and  T2 w h ich  had  th e  h ig h e s t  in d ic e s  o f  d i s c r i m in a t i o n .  
H ow ever, o t h e r  c o n s id e r a t i o n s  w ere  ta k e n  i n t o  a c c o u n t in  
c h o o s in g  t h e  i te m s  o f  T ^. F i r s t  o f  a l l ,  i t  was d e s i r a b l e  
t o  in c lu d e  some i te m s  from  ea ch  o f  th e  n in e  b e h a v io r a l  
c a t e g o r i e s .  A ls o , s e v e r a l  i te m s  w ith  e s p e c i a l l y  h ig h  d i f ­
f i c u l t y  l e v e l s  n eed ed  to  be in c lu d e d  f o r  m o t iv a t io n a l  
p u r p o s e s .  I te m s  w hich  m ost o f  t h e  members o f  Ss^ w ould  
re sp o n d  to  c o r r e c t l y  c o u ld  s e rv e  t o  en c o u ra g e  th e  p u p i l s  
and  c o n d i t io n  t h e i r  th in k in g  to  an  a n a l y t i c a l  s t y l e .  
N a t u r a l l y ,  su ch  i te m s  w ould be t h e  i n i t i a l  i te m s  i n  t h e i r  
r e s p e c t i v e  s e c t i o n s  o f  T ^.
As i n  T1 and T2 , i te m s  from  th e  same b e h a v io r a l  
c a te g o r y  w ere g ro u p ed  to g e th e r  u n d e r  a  s e c t i o n  h e a d in g  f o r  
t h e  p u rp o s e  o f  e n h a n c in g  th e  c l a r i t y  o f  t h e  d i r e c t i o n s  g iv e n  
i n  each  i te m . (S ee  A ppend ixes B, C, and E)
M ore i te m s  w ere  in c lu d e d  from  c a t e g o r i e s  w h ich  had 
a  g r e a t e r  num ber o f  i te m s  w ith  h ig h  i n d i c e s  o f  d i s c r im in a ­
t i o n  th a n  from  c a t e g o r i e s  w ith  l e s s  h ig h ly  d i s c r i m in a t in g  
i t e m s .  T h is  d i f f e r e n t i a l  ran g e d  from  o n ly  two i te m s  each  
fro m  c a t e g o r i e s  V II o f  ( S e c t io n  C o f  T^) and  IX o f
( S e c t io n  I  o f  T^) to  s i x  i te m s  each  in  c a t e g o r i e s  I I  o f  
M^ l ( S e c t io n  F o f  T ^ ) , VI o f  M2 ( S e c t io n  G o f  T ^ ) , and  IV 
o f  M2 ( S e c t io n  H o f  T ^ ) .
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The seq u en ce  o f  t h e  i te m s  w i th in  ea ch  s e c t i o n  was 
ch o sen  i n  an a t te m p t  t o  o b ta in  a  f a v o r a b le  com prom ise 
b e tw een  h a v in g  th e  i te m s  i n  o r d e r  o f  d e s c e n d in g  l e v e l s  o f  
d i f f i c u l t y  and h a v in g  s i m i l a r  i te m s  i n  a d j a c e n t  p o s i t i o n s .  
The se q u e n ce  o f  th e  n in e  s e c t io n s  was ch o sen  w ith  th e  
p u rp o s e  o f  o b ta in in g  a  b a la n c e  b etw een  th e  tim e  n eed ed  f o r  
Ss^ to  co m p le te  th e  f i r s t - d a y  s e s s io n  and  t h e  tim e  n eed ed  
f o r  Ss^ t o  co m p le te  t h e  se co n d -d ay  s e s s i o n .
C lassro o m  u s a b i l i t y  w as s t r e s s e d  th ro u g h o u t t h i s  
s tu d y .  I n  k e e p in g  w i th  t h i s  s p i r i t ,  i t  w as d e c id e d  to  
a l lo w  t h e  r e g u l a r  m a th e m a tic s  t e a c h e r s  o f  Ss^ t o  a d m in i s t e r  
T ^ . Ss^ c o n s i s te d  o f  106 p u p i l s  i n  t h r e e  a lg e b r a  I I  
s e c t i o n s  a t  C a th o l ic  H igh S ch o o l i n  B a to n  R ouge, L o u is ia n a .  
Two s e c t i o n s  w ere  t a u g h t  by one t e a c h e r ,  t h e  t h i r d  s e c t i o n  
by  a n o th e r  t e a c h e r .  S e v e r a l  d ay s  p r i o r  to  th e  a d m in i s t r a ­
t i o n ,  each  o f  t h e  two t e a c h e r s  was p ro v id e d  w ith  an  i n ­
s t r u c t i o n  s h e e t  (See A ppendix  D ). T hese two t e a c h e r s  
a d m in is te r e d  th e  t e s t  o v e r  a  tw o -d ay  p e r io d  i n  a  m anner 
s i m i l a r  to  t h a t  p r e v io u s ly  d e s c r ib e d  f o r  t h e  a d m in i s t r a t i o n  
o f  T1  an d  Tg. As w ith  T^ and  T2 , T^ w as hand s c o r e d .  The 
r e s u l t s  a r e  r e f l e c t e d  i n  T a b le s  9» 1 0 , and  1 1 .
U sin g  th e  K u d e r-R ic h a rd so n  fo rm u la  number tw e n ty , 
a  r e l i a b i l i t y  c o e f f i c i e n t  o f  .8 9 7  was o b ta in e d  f o r  T^.
The c o m p u ta t io n s  a r e  g iv e n  on page 5 5 .
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T a b le  9
F req u en cy  D i s t r i b u t i o n  f o r  th e  S c o re s  o f  Ss^ on T^
S c o re F req u en cy S c o re F req u en cy
39 2 21 S
38 2 20 4
37 0 19 5
36 4 IS 4
35 1 17 1
34 2 16 3
33 0 15 3
32 3 14 4
31 2 13 4
30 1 12 4
29 4 11 10
23 4 10 2
27 2 9 2
26 6 S 1
25 4 7 1































The Difficulty Levels of the Items in T^
M Number o f  Number o f
1 C o r r e c t  I n c o r r e c t  o r  D i f f i c u l t y
Number R esp o n ses  No R esp o n ses L e v e l
1 -9 75 31 71
1 -7 61 45 53
1 -3 37 69 35
1 -5 46 60 43
1 -1 51 55 4a
V-7 a5 21 ao
V - l l 61 45 5a
V-9 49 57 46
V-2 21 a5 20
V -l 25 ai 24
V II -9 59 47 56
V II -1 2 7a 2a 74
I I I - l 57 49 54
I I I - 3 74 32 70
I I I - 4 60 46 57
V I I I - 4 ao 26 75
V I I I -3 64 42 60
V II I -1 0 61 45 5a
V II I -1 1 66 40 62























M Number o f  Number o f
ml  C o r r e c t  I n c o r r e c t  o r  D i f f i c u l t y
Number R esp o n ses  No R esp o n ses L e v e l
I I - 5 67 39 63
I I -9 60 46 57
H M 1 A3 50 56 47
I I - 4 70 36 66
T I-1 57 49 54
I I - 3 7 99 07
V I-10 64 43 60
V I-9 80 26 75
VI-1 62 44 56
V I-8 60 46 57
V I-5 37 69 35
V I-6 25 81 24
IV -12 66 40 62
IV -11 33 73 31
IV -3 66 40 62
IV -2 54 52 51
IV -1 50 56 47
IV -6 40 66 36
IX -2 72 34 68
IX -1 67 39 63
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Table 11




Number C .*Ui I D .***i
1 1 -9 27 15 .41
2 1 -7 27 7 .69
3 1 -3 19 2 .59
4 1 -5 22 4 .62
5 1 -1 26 3 .79
6 V-7 26 23 .10
7 V - l l 26 6 .6 9
6 V-9 20 9
toc*\•
9 V-2 14 2 .4 1
10 V - l 17 0 .59
11 V II -9 20 6 .4 1
12 V II -1 2 26 15 .45
13 I I I - l 27 4 .79
14 I I I - 3 26 9 .59
15 I I I - 4 25 9 .55
it
C . = The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  th e  u p p e r  27$ ( th e  g r e a t e s t  
29 s c o r e s  i n  r a n k  o r d e r )  o f  S s ^ .
it*
C l i  = num^ e r  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  th e  lo w er 27$ ( th e  l e a s t  
29 s c o r e s  i n  ra n k  o r d e r )  o f  S s^ .
it it it i
ID . = (C . -  C , . ) ( - ~ —) = I n d e x  o f  d i s c r i m in a t io n  






Number C .* u i C u * * ID ±***
16 V I I I - 4 2 B 15 .45
17 V I I I -3 28 4 .S3
18 V I I I - 1 0 25 6 .66
19 V I I I - 1 1 29 5 .63
20 V I I I -9 19 6 .4 5
21 H M 1 25 12 .4 5
22 I I - 9 26 11 .5 2
23 I I —2 23 6 .5 9
24 I I - 4 28 9 .66
25 I I - l 20 14 .21
26 I I -3 2 1 .03
27 V I-1 0 26 7 •66
2 B V I-9 29 13 .55
29 V I-1 27 7 .6 9
30 V I-3 27 4 .79
ft
C . = The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  i n  t h e  u p p e r  27$ ( t h e  g r e a t e s t  
29 s c o r e s  i n  ra n k  o r d e r )  o f  S s ^ .
ft ft
Cn. = The num ber o f  c o r r e c t  r e s p o n s e s  to  i te m  i  
o b ta in e d  i n  t h e  lo w e r  27$ ( t h e  l e a s t  
29 s c o r e s  i n  ra n k  o r d e r )  o f  S s ^ .
ft ft ft 1
ID . = (C . -  C , . ) (  »■) = In d e x  o f  d i s c r i m in a t io n  






Number Cu i* C, .**l i ID.,***
31 V I-5 13 9 .1 4
32 VI -6 11 5 .2 1
33 IV -12 24 12 .41
34 IV -11 .1 7 4 .45
35 IV -3 27 10 .59
36 IV -2 25 3 .7 6
37 IV -1 23 9 .43
33 IV -6 20 3 .59
39 IX -2 25 13 .4 1
40 IX -1 26 11 .5 2
C . = The num ber o f  c o r r e c t  r e s p o n s e s  t o  i te m  i  
o b ta in e d  in  t h e  u p p e r  27$ ( t h e  g r e a t e s t  
29 s c o r e s  i n  r a n k  o r d e r )  o f  S s ^ .
C-, • = The num ber o f  c o r r e c t  r e s p o n s e s  to  ite m  i  
o b ta in e d  in  th e  lo w er 27$ ( th e  l e a s t  
29 s c o r e s  i n  r a n k  o r d e r )  o f  Ss-^.
ID . ■ (C, . -  C , . )  ( - ~ —) = In d e x  o f  d i s c r i m in a t io n  
1 u i  x i  29 f o r  i te m  i .
I C o m p u ta tio n  o f  t h e  R e l i a b i l i t y  C o e f f i c i e n t
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L e t t h e  s c o re s  o f  Ss^ be g iv e n  by  f o r  i  = 1 , 2 , . . . ,  
N - l ,  N w here N i s  th e  num ber o f  e le m e n ts  i n  S s ^ . And l e t  
th e  a r i t h m e t i c  mean o f  t h e  s c o r e s  o f  Ss^ be ^ t 3  T h e r e f o r e ,  
t h e  f o l lo w in g  r e l a t i o n s  h o ld  ( G a r r e t t ,  1 9 6 7 :2 7 ) :
(1 )  N = 1 0 6 .
(2 )  A t3  = S  ^  ^  2 1 . 1 3 2 .
I f  th e  v a r ia n c e  o f  th e  s c o r e s  o f  Ss^ i s  th e n
t h e  f o l lo w in g  h o ld s  ( G a r r e t t ,  1 9 6 7 :5 0 ) :
* 2  ) 2 ~  7 5 2 4 .1 5 1
O  t 3  ~ N i  t3  ‘ lo S
'Z  7 0 .9 3 3 .
L e t t h e  r e l i a b i l i t y  c o e f f i c i e n t  o b ta in e d  on by 
a p p ly in g  th e  K u d e r-R ic h a rd so n  fo rm u la  num ber tw e n ty  t o  th e  
s c o r e s  o f  Ss^ b e  L e t  k b e  th e  num ber o f  i te m s  i n  T ^.
L e t p^ b e  th e  p r o p o r t i o n  o f  Ss^ an sw e rin g  ite m  i  c o r r e c t l y
and  be th e  p r o p o r t i o n  o f  Ss^ n o t  a n sw e rin g  i te m  i
c o r r e c t l y  f o r  i  = 1 , 2 , . . . ,  k - 1 ,  k . T h e r e f o r e ,  th e  f o l lo w ­
in g  r e l a t i o n s  h o ld  ( G a r r e t t ,  1 9 6 7 :3 4 1 ) :
r t 3  ■ - h t  ( 1 -  P i q i }
( i _ 3 .9 0 9 2  \
^  39 7 0 .9 ^ 3 ~
X - 8 9 7 .
CHAPTER V II 
CONCLUSIONS AND IMPLICATIONS
T hro u g h o u t t h i s  r e s e a r c h ,  th e  a u th o r  was e n c o u ra g ed  
by th e  e n t h u s i a s t i c  re s p o n s e  t o  th e  t e s t  i te m s  from  many 
o f  t h e  se c o n d a ry  s c h o o l  s tu d e n t s  who w ere  exposed  to  one 
o f  th e  t e s t  fo rm s . The m ost common comments from  th e s e  
s tu d e n t s  w ere v e ry  s i m i l a r  t o  th o s e  g iv e n  by th e  f i r s t  
g ro u p  o f  s i x  s tu d e n t s  t h a t  a r e  q u o te d  on p ag e  25 .
The p u rp o se  o f  t h i s  s tu d y  w as to  d e v e lo p  a  t e s t  
f o r  a n a l y t i c a l  c o g n i t io n  o f  m a th e m a tic a l  c o n te n t  t h a t  had  
h ig h  u s a b i l i t y  f o r  s e c o n d a ry  s c h o o ls .  The fo l lo w in g  r e s u l t s  
from  t h i s  s tu d y  i n d i c a t e  t h a t  th e  o b j e c t i v e  was a c c o m p lish e d :
(1 ) E ach  ite m  o f  T^ w as ju d g e d  by th e  p a n e l  o f  e x p e r t s
t o  be a  v a l id  i n d i c a t o r  o f  a n a l y t i c a l  c o g n i t io n  f o r  th o s e  
s e c o n d a ry  sc h o o l p u p i l s  f o r  whom th e  t e s t  w as d e s ig n e d ;
(2 ) t h i r t y - f o u r  o f  t h e  f o r t y  i te m s  o f  T^ w ere  shown to  have  
i n d i c e s  o f  d i s c r i m in a t io n  above .4 0 ; (The o th e r  s i x  i te m s  
had  p o s i t i v e  i n d i c e s  o f  d i s c r i m i n a t i o n .  [S e e  T a b le  9 ] )
(3 )  t h e  r e l i a b i l i t y  c o e f f i c i e n t ,  a s  com puted u s in g  th e  
K u d e r-R ic h a rd so n  fo rm u la  num ber tw e n ty  on  th e  s c o r e s  o f  S s ,
j t
was .# 9 7 ;  (4 ) T^ w as a d m in is te r e d  by th e  r e g u l a r  c la s s ro o m  
t e a c h e r s  w ith o u t  d i s r u p t i n g  th e  n o rm al s c h o o l  day s c h e d u le ;  
and (5 )  T^ c o n s i s te d  o n ly  o f  m u l t ip l e - c h o ic e  i te m s  t h a t
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w ere  e a s i l y  and  r e l i a b l y  s c o re d  by h a n d . (T^ c o u ld  be 
r e a d i l y  a d a p te d  f o r  m ach ine s c o r in g . )
T h is  s tu d y  w as l im i t e d  t o  m e a su r in g  one l e v e l  o f  
c o g n i t io n  in  a  l i m i t e d  c o n te n t  a r e a  and  f o r  a  l im i t e d  
g roup  o f  s t u d e n t s .  As p o in te d  o u t i n  t h e  q u o te  fro m  Romberg 
on p a g e s  16 and  1 7 , h ig h e r  c o g n i t iv e  t e s t s  can  o n ly  be  
d e v e lo p e d  in  l i g h t  o f  th e  background  o f  th o s e  who a r e  to  
ta k e  t h e  t e s t .  T here  i s  a n eed  to  d e v e lo p  t e s t s  f o r  a n a l y t ­
i c a l  c o g n i t io n  o f  m a th e m a tic a l  c o n te n t  f o r  o th e r  g ro u p s  
b e s id e s  th o s e  w h ich  h av e  co m p le ted  a t  l e a s t  one c o u r s e  
i n  h ig h  s c h o o l a l g e b r a .  A lso , o th e r  c o n te n t  a r e a s  i n  
a d d i t i o n  to  n u m e r ic a l  and  a l g e b r a i c ,  a s  d e f in e d  i n  t h i s  
s tu d y ,  sh o u ld  b e  in c lu d e d  i n  f u r t h e r  s t u d i e s .
I f  th e  e d u c a t io n a l  com m unity i s  to  c o n t in u e  t o  
d e fen d  c u r r i c u l a r  c o n te n t  on th e  b a s i s  o f  d e v e lo p in g  cog­
n i t i v e  p r o c e s s e s ,  th e n  i t  i s  c r i t i c a l  t h a t  t e s t s  m e a su rin g  
p r o c e s s e s  such  a s  th o s e  m easu red  by T^ sh o u ld  be d e v e lo p e d  
i n  o t h e r  c o n te n t  a r e a s  su c h  a s  E n g l is h ,  s o c i a l  s t u d i e s ,  
and  th e  p h y s ic a l  s c i e n c e s .  I f  one c o u ld  s tu d y  th e  c o r r e ­
l a t i o n  b etw een  s c o r e s  on T^ an d  s c o re s  on a t e s t  o f  a n a ­
l y t i c a l  c o g n i t io n  o f  s o c i a l  s c ie n c e ,  th e n  l i g h t  c o u ld  be 
th row n  on  v i t a l  q u e s t io n s  in v o lv in g  su c h  c o n c e p ts  a s  
n o n - s p e c i f i c  t r a n s f e r  o f  l e a r n i n g .
The r e s u l t s  o f  t h i s  s tu d y  s h o u ld  s e rv e  to  e n c o u ra g e  
f u r t h e r  dev e lo p m en t o f  t e s t s  f o r  m e a su r in g  more s o p h i s t i ­
c a te d  c o g n i t iv e  p r o c e s s e s .  O nly  when th e  d i f f e r e n t i a l
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b e tw e en  e d u c a t io n a l  o b j e c t i v e s  and  m easu red  o b j e c t i v e s  i s  
d im in is h e d  can  id e a s  su ch  a s  a c c o u n t a b i l i t y  becom e a 
r e a l i t y .
SELECTED BIBLIOGRAPHY
B a r ro ,  S . M. 1 9 7 0 . "An A pproach  to  D ev e lo p in g  A cco u n t­
a b i l i t y  M e asu res  f o r  th e  P u b l ic  S c h o o ls ,"  P h i D e l ta  
K appan. 5 2 :1 9 6 -2 0 6 , D ecem ber.
B e g le , E . G. 1 9 6 2 . "S tu d y  o f  M a th e m a tic a l A b i l i t i e s ,
N a t io n a l  L o n g i tu d in a l  S tu d y  o f  M a th e m a tic a l A b i l i t i e s , "  
M a th em a tic s  T e a c h e r . 5 5 :6 4 # + , D ecem ber.
Bloom, B. S . ( e d . ) .  1956 . Taxonomy o f  E d u c a t io n a l  O b jec ­
t i v e s  Handbook I :  C o g n i t iv e  Domain. New Y ork : D avid 
McKay Co.
B ru n e r , J .  S . i 9 6 0 . The P ro c e s s  o f  E d u c a t io n . New Y ork: 
Random H ouse.
B u ro s , 0 .  K. ( e d . ) .  1 9 6 5 . The M e n ta l M easurem ent Y ea rb o o k s.
H ig h la n d  P a rk ,  N. J . :  G ryphon P r e s s .
E b e l ,  R. L . 1965* M e asu rin g  E d u c a t io n a l  A ch ie v em en t. 
Englew ood C l i f f s ,  N. J . :  P r e n t i c e - H a l l ,  I n c .
E b e l ,  R. L . 1 9 7 1 . "When I n fo r m a t io n  Becomes K now ledge," 
S c ie n c e . 1 7 1 :1 3 0 -1 3 1 , J a n u a ry  1 5 .
F in k b e in e r ,  D a n ie l  T . ,  Jo h n  D. N ee f, and  S . I r e n e  W ill ia m s . 
1971 . "The 1969  A dvanced P la c e m e n t E x a m in a tio n s  in  
M a th em a tic s  -  C om plete  an d  U n e x p u rg a te d ,"  M a th em a tic s  
T e a c h e r . 6 4 :4 9 9 -5 1 6 , O c to b e r .
G a r r e t t ,  H. E . and  R. S . W oodw orth. 1 9 6 7 . S t a t i s t i c s  in  
P sy ch o lo g y  and E d u c a t io n . New Y ork : D avid  McKay Co.
H artm an , G. W. 1 9 6 6 . " G e s t a l t  P sy ch o lo g y  and  M a th e m a tic a l 
I n s i g h t , "  M a th e m a tic s  T e a c h e r . 59s o 5 6 -6 6 1 , N ovem ber.
M eaux, M. 0 .  I 9 6 0 . "The R ole o f  R easo n in g  an d  S p a t i a l
A b i l i t i e s  i n  P e rfo rm a n c e  a t  T h ree  D i f f i c u l t i e s  L e v e ls  
o f  t h e  Embedded F ig u r e s  T a s k ,"  D i s s e r t a t i o n  A b s t r a c t s . 
2 1 :1 6 2 5 .
P a n u sh , L . 1 9 6 2 . "T e a c h in g  S t r e n g th s  Needed f o r  t h e  New 




R o b in so n , D. 1 9 7 0 . " N a t io n a l  A ssessm en t A s s e s s e d ,"  P h i 
D e l ta  K appan. 5 2 * 6 7 -6 8 , S ep te m b e r.
Rom berg, Thomas A. and  Jam es W. W ilso n . 1 9 6 9 . N a t io n a l  
L o n g i tu d in a l  S tu d y  o f  M a th e m a tic a l  A b i l i t i e s ;  R e p o rt 
Numb e r  S e v e n . P a s a d e n a , C a l i f o r n i a :  S ch o o l M a th em a tic s  
S tu d y  G roup .
R o s e n fe ld , I rw in  J .  1 9 5 8 . " M a th e m a tic a l A b i l i t y  a s  a
F u n c t io n  o f  P e r c e p tu a l  F ie ld -D ep e n d en cy  and C e r t a in  
P e r s o n a l i t y  V a r i a b l e s , "  D i s s e r t a t i o n  A b s t r a c t s , 19*880 .
Rosman, B e rn ic e  L . 1 9 6 6 . " A n a ly t ic  C o g n i t iv e  S ty l e  in  
C h i ld r e n ,"  D i s s e r t a t i o n  A b s t r a c t s . 27*2126 .
S m ith , R. B. 1 9 6 9 . D evelopm ent o f  S c a la b le  T e s t  I te m s  to  
M easu re  T h in k in g  L e v e ls  o f  S eco n d a ry  S c h o o l S tu d e n ts T  
F in a l  R e p o r t ,  D? S . D ep artm en t o f  H e a lth  E d u c a tio n  and  
W e lfa re  O f f ic e  o f  E d u c a t io n a l  B ureau  o f  R e s e a rc h .
S p i t l e r ,  G a i l  J .  1 9 7 0 . "An I n v e s t i g a t i o n  o f  V a r io u s
C o g n i t iv e  S t y l e s  and  th e  I m p l i c a t i o n s  f o r  M a th em a tic s  
E d u c a t io n ."  U n p u b lish e d  D o c to r* s  d i s s e r t a t i o n ,
Wayne S t a t e  U n i v e r s i t y .
S ta k e ,  R o b e rt E . 1 9 7 1 . " T e s t in g  H az za rd s  i n  P e rfo rm a n c e  
C o n t r a c t i n g ,"  P h i  D e l ta  K appan, 5 2 :5 8 3 -5 8 8 , J u n e .
T ie g s ,  E . W. and F . Adams. 1 9 5 9 . T each in g  th e  S o c ia l  
S t u d i e s . A tla n ta *  G in n , I n c .
W ah le r, R o b e r t G. 1 9 6 3 . "The E f f e c t  o f  D is c r im in a t io n  
T r a in in g  on F i e ld  D e p e n d e n c e -In d e p e n d e n c e ,"  D is ­
s e r t a t i o n  A b s t r a c t s , 24*408.
W illo u g h b y , S tep h en  S . 1 9 6 7 . C on tem porary  T ea ch in g  o f  
S e c o n d a ry  S c h o o l M a th e m a tic s . New Y ork : Jo h n  W iley  
an d  S o n s , I n c .
W itk in , Herman A .,  R . B. Duk, H. F . F a t tu s o n ,  D onald  R. 
G oodenough, and  S . A. K arp . 1 9 6 2 . P s y c h o lo g ic a l  
D i f f e r e n t i a t i o n :  S tu d ie s  o f  D evelopm ent^ New io rk *  
W ile y .
APPENDIX A
QUESTIONNAIRE USED BY THE PANEL OF EXPERTS 
TO JUDGE THE CONTENT VALIDITY OF M1
6 1
MATHEMATICAL TEST ITEMS 
C o n s tru c te d  by  Jam es S . C a n g e lo s i
S u b m itte d  to  ________________________
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NOTE: The t e s t  i te m s  w h ich  a r e  r e p o r te d  f a v o r a b ly  by you 
and th e  o th e r  ju d g e s  w i l l  fo rm  a  p o o l  o f  i te m s  from  
w hich  t e s t s  can  be c o n s t r u c te d  and a d m in is te r e d  t o  
g ro u p s  o f  s e c o n d a ry  s c h o o l  p u p i l s .  The r e s u l t s  o f  
th e s e  a d m in i s t r a t i o n s  w i l l  b e  e v a lu a te d  f o r  d e t e r ­
m in a tio n  o f  t e s t  v a l i d i t y  and  r e l i a b i l i t y .
The p u p i l s  who w i l l  ta k e  th e s e  t e s t s  w i l l  have 
co m p le ted  a t  l e a s t  two y e a r s  o f  s e c o n d a ry  s c h o o l  
m a th e m a tic s , w h ich  w ould in c lu d e  a  c o u rs e  i n  a l g e b r a .  
I t  i s  assum ed t h a t  t h e i r  b ack g ro u n d  w i l l  be su c h  t h a t  
co m p reh en sio n  o f  th e  m a th e m a tic a l  c o n c e p ts  in v o lv e d  
i n  th e  i te m s  w i l l  n o t be a  f a c t o r  i n  t h e i r  r e s p o n d in g  
to  th e  i te m s .  P u p i l s  w i l l  be  a sk e d  t o  re sp o n d  to  
a b o u t f i f t e e n  o f  th e s e  i te m s  in  a  f i f t y - m i n u t e  p e r io d .
INSTRUCTIONS:
T here a r e  n in e  s e c t i o n s  t o  t h i s  q u e s t i o n n a i r e .  A t 
th e  b e g in in g  o f  each  s e c t i o n ,  t h e r e  i s  a d e s c r i p t i o n  
o f  th e  c o g n i t iv e  b e h a v io r  t h a t  th e  i te m s  o f  th e  
s e c t io n  a r e  d e s ig n e d  to  m e a su re . F o r  each  i te m , 
you a r e  a sk e d  t o  an sw er th e  f o l lo w in g  q u e s t io n  i n  
th e  accom panying  r e c t a n g le :
" I f  a  p u p i l  an sw e rs  t h i s  i te m  c o r r e c t l y ,  
w ould  he have d e m o n s tra te d  t h e  c o g n i t iv e  
b e h a v io r  t h a t  t h e  i te m  w as d e s ig n e d  to  
m e a su re ? ”
NOTE: An an sw er key  i s  p ro v id e d  a t  th e  end o f  th e  
q u e s t i o n n a i r e .
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SECTION I  
(A n a ly s is  o f  E lem en ts )
The t e s t  i te m s  i n  t h i s  g ro u p  a r e  e a c h  d e s ig n e d  to  m easu re  
t h e  f o l lo w in g  c o g n i t iv e  b e h a v io rs
G iven th e  d e f i n i t i o n  o f  an  u n f a m i l i a r  s e t  Q su c h  
t h a t  B i s  a  s u b s e t  o f  th e  r e a l  num bers, d i s t i n g u i s h e s  
th e  e le m e n ts  o f  B from  r e a l  num bers w h ich  a r e  n o t  
e le m e n ts  o f  B.
Section I
Page 2
Let B be a s e t  defined by th e  following:
A re a l  number n i s  a member o f s e t  B i f  and only i f  n^<  n.
Which one o f th e  follow ing s e ts  i s  a subset of B?
*• [ i ’ f  ’ ■ ¥ ■ $ •
e . None of th e se .
Let B be a s e t  defined by the follow ing:
A re a l number n 1b a member of se t B i f  and only i f  n^^, n.
Which one o f th e  following s e ts  i s  a subset o f B?
a . [ o ,  i ,  7 ]  .
b . ^ -3 , °» •
c.  | - i ,  1,  9 3 ]  .
d> i ' 3 ’ T  ’ ■ f ] *








Let B be a s e t  defined by the following!
A re a l  number n i s  a member o f s e t  B i f  and only i f  n i s  
an in te g e r  such th a t 0 < n < - 2 -  .
Which one o f the  following s e ts  i s  a subset o f B?
a . J  1, 4, 4.32 j  .
b . J o , 2, 4 j  .
' • S t ' 1 ' 2 ! *
____Tea. _____No.
Comments!
d. ( 2, 4, 7  ^ .
e . None o f th e se .
Let B be a se t defined by th e  follow ing:
A r e a l  number n i s  a member o f se t B i f  and only i f  
( “3 )n > 0 .
Which one o f  the follow ing s e ts  i s  a subset o f B?
a . { -1 0 0 , 1, 9 ]  .
€ 0 ^
b. J -4 5 , - 9 , ---- 7 }  *
C* 1 ----0» H ^  •
____Yes. _____No.
Comments:
d . [ - 4 ,  -1 , 0 j .
e . None o f th ese .
Section I
Page 4
Let B be a s e t  defined by th e  following:
A re a l  number n i s  a member o f s e t  B i f  and only i f  
. th e re  e x is ts  an in teg e r x such th a t  x = \fn~ •
Which one o f the following s e ts  i s  a subset of B?
a . ^ 1 , 16, 25^ .
c. | -25, 1, 4^ .
d . [O , 3, 24j  .
e . None o f these
Let B be a s e t  defined by th e  follow ing:
A re a l  number n i s  a member o f s e t  B i f  and only i f  n^ ■ n .
Which one o f  the following s e ts  i s  a subset of B?
a . £ 3 , - l j  •
b . ^0 , 1, - l j  .
c . {IT,  J ? , 0 ] .
d. J l ,  10, lo o ] .
e . None o f th ese .
______ Tes. ____ No.
Comments:





1-7* Let B be a s e t  defined by the  following:
An in te g e r  n i s  a member o f s e t B i f  and only i f  there 
ex is ts  an in te g e r  x such th a t  n a 3x and th e re  does 
not e x is t  an in te g e r  y such th a t n = 2y.
Which one o f  the  follow ing s e ts  i s  a subset of B?
a . [ - 3 ,  3, 6, 27] .
b . [ 0 , 1, 3 , 9 ]  .
c . [ - 9 ,  0, 9, d l j  .
d . £ -S i, -3 , 9 , 27 ]  .
e .  None of th e se .
Tes. No.
Comments:
I -S . Let B be a s e t  defined by the follow ing:
A re a l  number n i s  a member o f s e t  B i f  and only i f  
there e x is ts  an in teg e r x such th a t  n a Sx.
Which one o f the  follow ing s e ts  i s  a subset of B?
a .  [ - 3 ,  16 , 7 l ]  .
b . £ 10 , 0 , I d ]  .
c . [ d ,  26, 3d] .
d . [ - 16, 6 4 , 7 2 ^ .
e . None o f th e se .





1-9 . Let B be a se t defined by the  followings
A re a l  number n i s  a member o f a se t B i f  and only i f  
th e re  e x is ts  an in teg e r x such th a t n =• 6x.
Which one of th e  follow ing se ts  i s  a subset of B?
a . |  0 | 6 , 3 ^  •
b . |  -6 , 16, 46 ]  •
c . ^ 6 , 12, 16] .
d . \ -3 , 0, 24]  .
e . None o f th e se .
1-10. Let B be a se t defined by the followings
A re a l  number n i s  a  member o f  se t B i f  and only i f  the re  
e x is t  in te g e rs  x and y such th a t  n = x + y/2~~ .
Which one of th e  following se ts  i s  a subset of B?
a . |  3 + 2 / T ,  -1  + J T t - y -  -  2 /2 ^ j .
b . ( 3  + 2 / l J ,  3 +j2\  1 7 ]
Commentss
d . [ 0 , 3 + U T t - 2 J  .







I -11. Let B be a s e t  defined by the  follow ing:
A re a l  number n i s  a member of s e t  B i f  and only i f  there  
e x is t in te g e rs  x and y such th a t  n ■ x + y •
Which one of the following s e ts  i s  a subset o f B?
a . j-1 4 , 2 + 3n/T , JT"].
b . [3  + 2^17 , 4, 1 + 4 / r J  .
c . £ 3 + -jiss , 2 - V T ,  J T \ .
d . {kJT, 3 + 46/5"* t 7T j.
e* None o f  these*
No— —  T®a. 
Comments:
1-12. Let B be a s e t  defined by th e  follow ing:
A re a l  number n i s  a member o f s e t  B i f  and only i f  th e re  
e x is t  in te g e rs  x and y such th a t  n = x + y /J "  •
Which one o f the follow ing s e ts  i s  a subset o f B?
a . { 3 + y r ,  i - 7 y r ,  1 3 - t-v r j .
b. I12+2V3", 4 + - J - 7 7 ,  i + y j J .
c. £ 12+U&/T 1 2+3/ r ,  9 -  2JT}.
d. [ - 3 4 + 65/ r ,  1 + / T J . -
e . None o f th e se .
No
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SECTION I I  
(A n a ly s is  o f  E le m e n ts )
The t e s t  i te m s  i n  t h i s  g ro u p  a r e  e a c h  d e s ig n e d  to  m easu re  
t h e  f o l lo w in g  c o g n i t iv e  b e h a v io r :
I d e n t i f i e s  t h e  n e c e s s a r y  ( u n s ta t e d )  a s s u m p tio n s  i n  




I I - l .  A fter e s tab lish in g  th a t x and y are  r e a l  numbers such th a t
x > 0 ,  the author o f a mathematical proof concludes th a t  xy> x.
Which one o f the following conditions i s necessary fo r  th is
conclusion to  be valid?
a . y > 0 .
b . y < 0.
c . y>  1. Tes. No.
d . y> x . Commentst
e . None o f  th e se .
I I -2 .  A fter e s tab lish in g  th a t  x, y , z, and w are re a l numbers such 
th a t  x > y , the author of a mathematical proof concludes th a t 
x(z - w) <  y(z - w ) .
Which one o f the  following conditions i s  necessary fo r  the 
conclusion to  be valid?
a . z = w.
b . z > w.
c . z < w.
d . z w .






I I -3 . A fte r es tab lish in g  th a t  x and y are  re a l  numbers such th a t
y ( x - l )  = x - 1  , the author o f a mathematical proof concludes
th a t  y = x + 1.
Which one o f th e  follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . x /  1.
b . x  /  0 (
c . X ^  -1 .
d . y ji 0 .
_____ Yes. ____No.
Comments*
e . None of th ese .
I I - 4 .  A fter e s tab lish in g  th a t  x , y , z , and w a re  rea l numbers such 
th a t  x > y t the author of a mathematical proof concludes th a t 
x(z -  w) = y(z - w) .
Which one o f th e  follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . z = w.
b. z > w.
c . z < w.
Yes. .o
SB
d. z /  w.
Comments:
e . None o f th e se .
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I I - 5 .  A fter e s ta b lish in g  th a t x , y , and z are  r e a l  numbers such th a t
x £ y ,  the  author o f a mathematical proof concludes th a t  ■ .
Which one o f the follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . z > 0 .
b . z ^  0 .
c . z <  0. ____Yes. ____ No.
d . z <  0 . Comments:
e . None o f these*
A fter e s tab lish in g  th a t  x , y , z, and w a re  re a l numbers such
th a t  x >  y, the author o f  a mathematical proof concludes
th a t  x + z >  y + w.
Which one of th e  follow ing conditions i s  necessary fo r  th is
conclusion to  be valid?
a .  z <  w.
b . z <  w.
c . z > w. Yes. ___ No.
d . z £  w. Comments:
e . z = w.
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I I - 7 .  A fter e s tab lish in g  th a t  x , y , and z are  r e a l  numbers such th a t
xz = yz, the author o f  a mathematical proof concludes th a t  x « y .
Which one of the follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a .  x /  z .
b . z 0 .
c . x >  0 and y > 0 . _____ Yes. _____ No.
Comments:
d . x <  0 and y 0 .
e . None o f th ese .
I I -S . A fter e s tab lish in g  th a t  x, y , z, and w are r e a l  numbers
such th a t  x = y , the author o f a mathematical proof concludes 
th a t  x ( z - w)  » y ( z - w ) .
Which one o f th e  follow ing conditions i s  necessary fo r  th is  
conclusion to be valid?
a .  z = w.
b . z - w » 1.
c . z = w o r z - w » l . ____Yes. _____ No.
, / Comments:d . z /  w.




I I -9 . A fter e s tab lish in g  th a t  x i s  a r e a l  number, the author of a
mathematical proof concludes th a t  x ^ <  x.
Which one o f the follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . 0 < x < .1 .
b .  0 <; X < 1 .
c. 0 <  x <  1 . ______ Tes. ____No.
Comments (
d. 0 <  x <  1.
e . None o f  these*
11-10. A fter e s tab lish in g  th a t  x i s  a r e a l  number such th a t  | x | < _ 2 ,  
the au thor o f a mathematical proof concludes th a t  x <  2.
Which one o f the follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . x 0 .
b . x <  0 .
c . x = 0 . ____Tes. ____ No.
Comments:d . x /  -x .




11-11. A fter e s tab lish in g  th a t x i a  a r e a l  number such th a t J x j < 2 ,
the  author o f a  mathematical proof concludes th a t  x > -2 .
Which one o f th e  follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . x > 0.
b . x<= 0.
c. x = 0.
d.
e. None of
No— .  *ea 
Comments
number, the  author o f a
mathematical proof concludes th a t |- x  | = x .
Which one o f th e  follow ing conditions i s  necessary fo r  th is  
conclusion to  be valid?
a . x >  0.
b . x 0.
c . x £ 0.
d . x = 0.






The t e s t  i te m s  i n  t h i s  g ro u p  a r e  ea ch  d e s ig n e d  to  m easu re  
th e  f o l lo w in g  c o g n i t iv e  b e h a v io r :
G iven  a  sam ple  o f  a r i t h m e t i c  c o m p u ta tio n  p e rfo rm e d  
i n  an  unknown b a s e  b ,  i d e n t i f i e s  b from  a  s e t  o f  
f i v e  p o s i t i v e  i n t e g e r s .
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I I I - l .  The follow ing ad d itio n  uses numbers in  a base o ther than 10: 
5 + 3 -  12.
What i s  the base?
a .
b . 5.




I I I - 2 .  The follow ing su b trac tio n  uses numbers in  a base o ther than 10:
13 - 4  = 4.
What i s  the  base?
a .  4.
b . 5.
c . 6 . —___ Tes. ____No.
Comments:d .  7 .
<D •
$ 0
Section I I I
Pago 3
I I I - 3 .  The follow ing ad d itio n  uses numbers in  a base o ther than 10: 
4 + 3 = 1 2 .
What i s  the base?
a .  4.
b . 5.




The follow ing su b trac tio n  uses numbers in  a base o ther than 10:
1 1 - 5  = 2 .
What i s  the base?
a .  4*
b . 5.
c .  6 .
d . 7. Yes. No.
e • S • Comments:
SECTION IV
(Analysis of Relationships)
The t e s t  i te m s  i n  t h i s  g ro u p  a r e  e a c h  d e s ig n e d  to  m easu re  
th e  f o l lo w in g  c o g n i t iv e  b e h a v io r :
G iven a  f u n c t io n  f  ( i n  a b s t r a c t  te rm s )  from  a  s e t  D 
in to  t h e  r e a l s ,  i d e n t i f i e s  t h e  o r d e r  r e l a t i o n s  




IV-1. Consider the v a riab le  x such th a t  x * -y -  where z and y are 
re a l  numbers and y /  0.
In  which one o f th e  follow ing se ts  o f values fo r  z and y w ill  
x a t t a in  the le a s t  value?
a . Z a 2 and 0 < y £  4.
b . - 1 0 < z ^ 1 and y =* 1 .
Tes. No.
c . Z < 0 and 7 V o • Comments:
d . Z a 0 and 0 < y  £  3.
e. OCM1 < z 5 -1 and 1 < y < 2.
2IV-2. Consider the v ariab le  x such th a t x = y where y i s  a re a l number.
In  which one o f the  follow ing s e ts  o f values fo r  y w il l  
x a t t a in  the g re a te s t value?
a . 0 < y < 10.
b. - - § - < y < - § - . ____  Tes. _ __ No.
c . -5  < y < 12. Comments:
d . -20 <  y < 3.




2IV-3. Consider the  v ariab le  x ■ y where y i s  a re a l  number.
In  which one o f  the follow ing s e ts  of values fo r  y w ill  
x a t ta in  the g re a te s t value?
a . y i s  an element o f |  -4 , -2 , 3*5^ •
b . y i s  an element o f £-11, , 4^ .
c . y i s  an element o f l - i .  •
d . y i s  an element o f ^6, 7, S ^ •
e . y i s  an element o f j l ,  2.16, 4^  .
Yes. No.
Comments:
IV-4. Consider the v a riab le  x such th a t  x = -y~ where z and y are  
r e a l  numbers and y jt 0 .
In  which one of the following s e ts  of values fo r  z and y 
w i l l  x a t ta in  the g re a te s t value?
a .  z  -  2  and 0  < y <  4 .
b . 1 <  z < 1 0 0  and y = 1 .
____Yes. ____ No.
c. z <  0 and y >  0 . Comments:
d . z = 0 and' 0 <  y <  3«




IV-5. Consider the v ariab le  x such th a t  x ** ^ g where a < 2.
What i s  the minimum value fo r  x?
a . -2 .
b 1
2 ' ____Yes. ____ No.
c . 0 . Comments:
d . J u .  .
2
*
e . There i s  no lim it as to  how
sm all x can be.
IV-6. Consider the variab le  x such th a t x «* ■ £Z’2 where O^s s < 2. 
What i s  the maximum value fo r  x?
b . 0 .




e . There i s  no lim it  as to  how




Consider th e  v ariab le  x such th a t x,'-r where z i s  anelement o f  the s e t  ^ -2 , -1 , 0 , 1, 3 \  and y i s  an element
o f the s e t  ^ -2 , -1 , 1, 3 j  •
What i s  th e  maximum value fo r  x?
a • - I  i
b . 1.
_____ Yes. _ _ _  No.
c . 2 Comments:
d . 3 .
e . There i s  no l im it  as to  how 
g rea t x can be.
Consider th e  variab le  x such th a t zx -  -v- where z i s  an
element o f the s e t  ^ -2 , -1 , 0, 1, 3 V and y i s  an element
o f the s e t  {_-2, -1 , 1, 3 ^ •
What i s  th e  minimum value, f o r  X?
& • -3 •
b . -1 .
____Yes. _____ No.
c . - f -  . Comments:
d . 1.
e . There i s  no l im it  as to  how 




IV-9. Consider the variab le  x such th a t  x = -2 -  where z i s  an 
element o f  the  s e t  { -2 , -1 , 0, 1, 3^  and y i s  an element 
o f  the s e t £ -2 , -1 , 1 , 3 J  •
What i s  the  maximum negative value fo r  x?
a .  0 .
b ~1
* 3 * ____ T es. _____ No.
c . -=±- . Comments:
d . -X.
e . None o f these*
IV-10. Consider the variab le  x such th a t  x =» where z i s  an
element o f the s e t  ( - 2 ,  -1 , 0, 1, 3 j  and y i s  an element 
o f  the  s e t  £ -2 , -1 , 1, 3 ^ •




C- —  * Comments:
d . 1.





IV -ll. Consider the v ariab le  x such th a t x =» ( 3 - 2) where z i s  
an element of the s e t  of r e a l  numbers.
When x i s  a t  i t s  minimum value, what i s  z?
a . -3 .
b . 0.
____Yes. _____No.
c . 3 • Comments:
d. 9 .
e . None o f these
Consider the v a riab le  x = (y^ + 3) where y i s  an element of
the se t o f  r e a l  numbers.
What i s  the  minimum value fo r  x?
a . “9.




e . None of th e se .
a s
SECTION V 
(A n a ly s is  o f  R e la t io n s h ip s )
The t e s t  i te m s  i n  t h i s  g ro u p  a r e  each  d e s ig n e d  to  m easu re  
th e  fo l lo w in g  c o g n i t iv e  b e h a v io r :
G iven  a  p re m is e ,  d i s t i n g u i s h e s  b e tw e en  c o n c lu s io n s  
w h ich  a r e  i n f e r e n c e s  o f  th e  g iv e n  p re m is e  from  
c o n c lu s io n s  w h ich  a r e  n o t  i n f e r e n c e s  o f  th e  g iv e n  
p re m is e .
Section V
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Let a sequence o f one-hundred statem ents be represented by 
(®X» s 2» s 3» ®10<P *
Suppose th a t  th e  following are  two tru e  fa c ts :
1 . I f  s n i s  tru e , then sn+j  i s  tru e  fo r  any p o sitiv e  in teg e r
2. 3y i s  t ru e .
Which one o f the  follow ing i s  true?






e .  s27.
Let a sequence o f one-hundred statem ents be represented by
(®1» s 2» s 3» •••» ®10(P *
Suppose th a t  the  follow ing are  two tru e  fa c ts :
1 .  I f  s n i s  t r u e ,  t h e n  s n + ^ i s  t r u e  f o r  a n y  p o s i t i v e  i n t e g e r
2 .  s ^  i s  t r u e .
Which one of the follow ing i s  true?
SL « 3  j  •
s 12*






V - 3 . Let A, B, and C be statem ents such th a t the follow ing i s  tru e :
1. I f  A i s  tru e , then B i s  f a l s e ,
2. I f  B i s  tru e , then C i s  t r u e .
Suppose th a t  B i s  tru e , then which one of th e  follow ing i s  a 
co rrec t conclusion?
a . A i s  f a ls e  and C i s  t r u e .
b. A i s  tru e  and G i s  t ru e .
c. A i s  tru e  and C i s  f a ls e . ____  Tes. _ __ No.
d. No conclusion can be made about A, 
but C i s  t r u e .
Comments:
e . None o f th e se .
V-4. Let A, B, C, and D be statem ents such th a t  th e  following i s  
tru e :
1 , I f  A i s  tru e , then  B i s  t ru e .
2, I f  B i s  t ru e , then C i s  f a l s e .
3, I f  C i s  tru e , then D i s  t ru e .
Suppose th a t  C i s  tru e , then what can be concluded about A and D?
a . A i s  f a ls e  and D i s  t ru e .
b. A i s  f a ls e ,  but no conclusion can
be made about D.
____ Tes. _____No.
c . A i s  tru e  and D i s  t ru e . Comments:
d . A i s  t ru e ,  but no conclusion
can be made about D.
e . No conclusion can be made about




V-5. Let A, B, C, and D be statem ents such th a t  th e  following i s  tru e :
1. I f  A i s  tru e , then B i s  tru e .
2. I f  B i s  t ru e ,  then C i s  tru e .
3. I f  B i s  tru e , then D i s  tru e .
4* I f  D i s  tru e , then A i s  tru e .
Suppose th a t  A i s  f a ls e ,  which o ther statem ents o u s t also be 
fa lse ?
a .  C and B only.
b . C and D only.
c . B and D only.
d. B only.
e .  None o f  th ese .
____Yes. _____No.
Comments:
"S et N contains a t  le a s t  10 elem ents.1*
Which one o f the follow ing can be concluded from the above 
statem ent?
a .  Set N contains a t  le a s t  7 elements.
b . Set N contains a t  le a s t  12 elements.
c . Set N i s  a f in i t e  s e t .
d . Set N i s  an in f in i t e  s e t .






V-7. "Set N con tains more than  10 elem ents•"
Which one o f th e  follow ing can be concluded from th e  above 
statem ent?
a . Set N contains a t  le a s t  11 elem ents.
b . Set N does not contain  12 elem ents.
c . Set N contains more than 11 elem ents. _____ Yes. ____No.
Comments:
d . Set N i s  an in f in i t e  s e t .
e . None of th e se .
V -S . Accept the  follow ing statem ents to  be tru e :
1. A i s  e ith e r  red  o r green .
2 . B i s  e i th e r  blue or brown.
3. C i s  e ith e r  red , green, b lue, o r brown.
A. C i s  never the  same co lo r as  B.
3. I f  C i s  green, then A i s  red .
6 . I f  C i s  red, then A i s  red .
7. I f  A i s  green, then B i s  b lue .
Suppose th a t  A i s  g reen . What color i s  C? 
a .  Red.
b . Green.
c . Blue. _____ Yes. __ Comments:
__ No.
d . Brown.




V-9. Accept the follow ing statem ents to  be tru e :
1 . A i s  e i th e r  red o r green,
2. B i s  e i th e r  blue o r  brown.
3 . C i s  e i th e r  red , green, b lue, o r brown.
4. C i s  never th e  same co lo r as B.
5. I f  A i s  red , then C i s  e i th e r  red o r b lue .
6 . I f  6 i s  brown, then A i s  green.
Suppose th a t  A i s  red . What co lo r i s  C?
a .  Red.
b . Green.
c . Blue. ____Yes. _____No.
d . Brown. Comments:
e .  C cannot be determined.
"Set N contains more than one element, but not more than
10 elem ents."
Which one o f th e  follow ing can be concluded from the  above
statem ent?
a . Set N con tains a t  le a s t  4 elem ents.
b. Set N contains a t  le a s t  10 elem ents.
c . Set N i s  a f i n i t e  s e t . ____Yes. _____No.
d . Set N i s  an in f in i te  s e t . Comments:




V - l l .  "N and B are s e ts  such th a t  a l l  th e  elements o f N are also
contained in  B. x and y a re  elements such th a t  x i s  not
contained in  B and y i s  contained in  N."
Which one of the follow ing can be concluded from the above
statem ent?
a . x i s  contained in  N and 
y i s  contained in  B,
b . x i s  not contained in  N and 
y i s  contained in  B.
c . x i s  not contained in  N and 
y i s  not contained in  B.
d. x i s  contained in  N and 
y i s  not contained in  B.
e .  None o f th e se .
V-12. "Set N contains two and only two elem ents, x, y, and z are 
a l l  elements o f N, x jl y ."
Which one o f th e  follow ing can be concluded from th e  above 
statem ent?
a . z = y .
b. z = x ,
c. Both "a" and "b" a re  tr u e .
d. E ith e r  "a" i s  tru e  o r  "b" i s  tru e , 
but both are  not t ru e .







(A n a ly s is  o f  R e la t io n s h ip s )
The t e s t  i te m s  in  t h i s  g roup  a r e  each  d e s ig n e d  to  m easu re  
t h e  fo l lo w in g  c o g n i t iv e  b e h a v io rs
G iv en  a  r e a l  v a r i a b l e  x  w ith  c e r t a i n  c o n d i t io n s  
im posed  on x , i d e n t i f i e s  th e  r e l a t i o n s  among th e  
f a c t o r s  a n d /o r  te rm s  o f  x  w h ich  a r e  n e c e s s a ry  i n  




VI-1 . Let r ,  s ,  t ,  and u be r e a l  numbers such th a t  ^  0 and
u >  t .
Which one o f the  following must be true?
a , r  + u > t  + s .
b . r  -  s <  t  - u .
_____ Yes. _ __ No.
c . s < r . Comments:
d . s > r .
e . None o f th ese .
VI-2 . L et r ,  s ,  and t  be r e a l  numbers such th a t r + ( s - t )  = r .  
Which one o f the follow ing must be true? 
a .  8 a t .
b . s ^  t .
____Yes. _____No.
c . s -  t  <  r . Comments:
d . s - 1 >  r .




VI-3 . Let r ,  s , and t  be r e a l  numbers such th a t  r  + ( s - t )  > 0 and
r  < 0.
Which one o f th e  follow ing must be true? 
a • s  ^  t  ■
b • s  < t  •
_ _  Yes. ____No.
c • s  = t » Comments!
d # s  ^  0 •
e . None of th e s e .
Let r ,  a, and t  be r e a l  numbers such th a t r  -  (a - 1 ) > 0 and
r  <  0 .
Which one o f  th e  follow ing must be true?
a . s ^  t  •
b . s ^  t  •
— Yes. ____No.
c . r  < s. Comments!
d . r  < t .





VI-5* Let r t a , and t  be re a l numbers such th a t r+  ( s - t )  > 0 and
s < t .
Which one o f th e  following must be true? 
a . r  >  t .
b. r <  t .
____Yes. ____ No.
c . r  >  0 , Comments:
d. r  <  0 .
e . None o f  these*
Let r ,  s ,  and t  be re a l numbers such th a t r t  + s t  >  0 and
t  <  0 .
Which one o f th e  follow ing must be true?
a . r  <  - s .
b. r  + a >  t .
____Yes. No.
c. - r <  s . Comments:
d. - r  >  - s .




VI-7 . Let r r s ,  and t  be r e a l  numbers such th a t  r t  + a t  < 0 and t  > 0 .
Which one o f th e  follow ing must be true?
a . r  >  - s .
b . t  > r  + s .
Yes. No.
c. r  -  s 0 . Comments:
d. - r  C - a .
e . None o f the  th e se .
Let r ,  s ,  and t  be r e a l  numbers such th a t  - v - >  0, r  < 0,
and s >  0 .
Which one o f the  follow ing must be true?
a . t  <  r s .
b • t  ^  r s .
____Yes. ____ No.
c . t < 0 , Comments:
d . t  >  0 .




VI-9 . Let r  and a be r e a l  numbers such th a t r s  a 0 and r  = 0,
Which one o f the follow ing must be true?  
a . a /  r .
b . a >  0 .
____ Yea. _ __ No.
c. a <  0 . Conraenta:
d . a = 0 .
e . None o f these*
VI-10 . Let r  and a be in teg e rs  such th a t  r  + r  + 1 a 8 .
Which one o f th e  follow ing must be true?
a . r  i s  even*
b. r  i s  odd.
c. a i s  even. ____ Yes. _ __ No.
d. a i s  odd. Comments:




Let r ,  s ,  and t  be in teg e rs  such th a t -£§t — a 2 and r  i s  odd.
Which one of the follow ing must be true?
a . s i s  even.
b . s i s  odd.
____ Yes. ____ No.
c . s <  2t . Comments:
d . s > 2t .
e . None o f  th e se .
Let r ,  s ,  and t  be in te g e rs  such th a t  r + a  = 2 t and both
r  and s a re  odd.
Which one o f the follow ing must be true?
a .  t  i s  odd.
b . t  i s  even.
_____ Yes. ____No.
c. t  ^  r  + s . Comments:
d . t  < r  + s .
e . None o f th ese .
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SECTION V II 
(A n a ly s is  o f  O r g a n iz a t io n a l  P r i n c i p l e s )
The t e s t  i te m s  i n  t h i s  g ro u p  a r e  e a c h  d e s ig n e d  t o  m easu re  
t h e  f o l lo w in g  c o g n i t iv e  b e h a v io r :
G iv en  a  f i n i t e  num ber o f  te rm s  i n  a n  i n f i n i t e  r e a l  
num ber se q u e n c e , i d e n t i f i e s  th e  n th  te rm  w here  n 






. ( s l f  Sgt s3 » ••• ) i s  an in f in i t e  sequence o f r e a l  numbers 
such th a t s^ = 0 , 82 s  1» Sj = - 2, s^ » 3» and -  -4 . A ll of
the  terms a re  determined by the same p a tte rn .
Which one o f the follow ing i s  s^y ?
a . ***3 ^  •
b . - 36.
c . -3 7 . Yes. No.
d . 35. Comments:
e « 3# .
(s i» s 2, So, . . .  ) i s  an in f in i t e  sequence o f re a l  numbers
such th a t  = 1 , 8 2 a ^ , 8^ — ^ , and g4 = " I5 “  * A11 o f
the terms are  determined by the same p a tte rn .
Which one o f the follow ing i s  Sg ?
1a . - jg -  .
b . - i -  .
_____ Yes. ____No.
c .  - i - . Comments:72
.  1 
d ’ “81“ ’




V II-3. (s^ , s 2> 8j ,  . . .  ) i s  an in f in i t e  sequence of re a l numbers
such th a t s^ = - i -  , Sg =» » and s^ = • A ll o f the terms
are determined by a common p a tte rn .
Which one o f th e  following i s  s-^  ?
b - -h r  •15 Tea. No.
1 Comments:




V II-4. ( s p  s 2, s^, . . .  ) i s  an in f in i t e  sequence o f re a l numbers 
such th a t  s1 = - ^ -  , s 2 =• , s^ ■ " j |" »  and ai¥ = ~^~  •
A ll the terms are  determined by the  same common p a tte rn .
Which one o f the  follow ing i s  8g ?
a 7Cl e
9 '
b . - S - -









V II-5. (s^ , s 2» • •• ) i s  an in f in i t e  sequence o f r e a l  numbers
1 1 3  2such th a t  = 0 | s2 ®  ^ s^ ■ ^2^  ^ s^ ® b  ^ and
_ ^ ^ ^
sg = . A ll the terms are  deterained by the same common
p a tte rn .
Which one of the follow ing i s  s^2 7
a _ L _  .  — .
b. J ± - .
* 13 ____ Yes. _ __ No.
°* T ” Commentss
da .10
e#
VII-6 . ( s l f  s 2i B y  . . .  ) i s  an in f in i t e  sequence of r e a l  numbers
1 1such th s t  | &2 a  *2™ t — ly = 2y «• • y = S| • • • y
and S2q 3 12B. A ll the  terms are detennlned by th e  same
common p a tte rn .
Which one of the following i s  sg ?
a . 16.
b. 24.
c . 32. ____Yes. _ _ _  No.
d . 64. Comments!




VII-7 . (s^ , s 2» S j, . . .  ) i s  an in f in i t e  sequence o f r e a l  numbers 
such th a t  8^ = 1 , s 2 *^» s^ ■ 27* and s^ a 6 4 . A ll of the 
terms are  determined by the same common p a tte rn .
Which one of th e  following i s  8y ?
a • $7 *
b . 97.
c . 125. _____ Tea. _____ No.
Comments:
d . 200.
e .  343.
V II-d. (s^ , 32, 3y  . . .  ) i s  an in f in i t e  sequence of r e a l  numbers
such th a t  sx = ,  S2 a - j - »  a n d s 4 = "i^ r*
A ll o f th e  terms a re  determined by the same common p a tte rn .
Which one o f th e  following i s  8y ?
b . - ± - .
15
1 _____ Yes. ____No.
28 Coionent8:
d - - 55-*
1






(&!» a2 » 8^, . . .  ) I s  an in f in i t e  sequence o f re a l  numbers 
such th a t  8 2 = 3 , s2 » - 2 p ,  s^ » 1, and s ^ « -2 — . A ll of the 
terms are  determined by the same common p a tte rn .









d . - 12-  .
12
e . 4 .
Comments*
<al t  s 2, s3> . . .  ) i s  an in f in i t e  sequence of r e a l  numbers
o 5
such th a t  s^ = l ,  s2 "  “2 * s 3 ”  an(* S4 B ~2""*
terms are  determined by the same common p a tte rn .
Which one of the follow ing i s  s ^  ?
a .
b . 3. ____Yes. ' No.
Comments:
2





VII-11. (s^ t s 2» Byt . . .  ) i s  an in f in i t e  sequence o f re a l numbers 
such th a t  s1 = , s 2 m 4 * By = «= S, s^ = , and
Sg=*l2. A ll o f  the term s a re  determined by the same common 
p a tte rn .
Which one o f th e  follow ing i s  s2q ?
b . 10 .
— _  Yes. _____ No.
c . . Comments:
d . 30 .
e . 40 •
(■ l, s 2, s3, . . .  ) i s  an in f in i t e  sequence o f re a l  numbers
such th a t  s^ s  3 f s 2 ®^» b^ ^ S ,  s^ = 9» s 6 B and Sy => 24*
A ll o f  the terms except fo r  s^ a re  determined by a common 
p a tte rn .
Which one o f th e  follow ing i s  s^ ?
a . 1 1 .
b . 1 2 .





(A nalysis o f O rganizational P rin c ip le s )
The t e s t  i te m s  i n  t h i s  g ro u p  a r e  each  d e s ig n e d  to  m easu re  
t h e  f o l lo w in g  c o g n i t i v e  b e h a v io r :
G iven  t h e  f o l lo w in g :
i .  * i s  an  o p e r a t i o n  on a  s e t  X.
i i .  A and  B a r e  p r o p e r  s u b s e t s  o f  X.
i i i .  a  * b i s  g iv e n  f o r  each  a  i n  A an d  f o r  ea ch
b i n  B.
i v .  c i s  a n  e le m e n t o f  X b u t  n o t  o f  A, an d  d i s  
a n  e le m e n t o f  X b u t  n o t  o f  B.
I d e n t i f i e s  from  a  f i v e  e lem e n t s u b s e t  o f  X, th e  




V III-1 . * i s  an operation  on the s e t  o f in teg e rs  such th a t
4 * 1  » 15 and 6*  5 « 31.
Which one of the following equals 9 * 10 ?
a .  2S.
b . 37.
c . 51 . ______ Yes. _____ No,
Comments:
d . 66 .
e .  71.
•
V III-2 . * i s  an operation  on the s e t  o f re a l  nuabers such th a t
_  * - i -  =* JL and 3 * 7  = 20.2 4 2
Which one o f  the follow ing equals 6 * 3 ?
a JL • ,n e 
2
b . 11 .









. * i s  an operation  on the  se t o f in teg ers  such th a t
10*3  = 1 6  and 4* 5 » 14.
Which one o f the follow ing equals 5 * 4 ?
a .  1 2 .
b . 13.
c • 14. ____Yes. _____ No.
Comnents:
d . 15.
e • 16 .
* i s  an operation  on th e  se t o f a l l  ordered p a irs  o f  in tegers
such th a t  ( 2 , 3 ) * ( 1 , - 2 ) = (3 , - 6 ) and (0,3) * (5 ,4 )  * ( 5»12 ) .
Which one o f the  follow ing equals (3>7) * ( 2, - 1) ?
a .  ( 5j 6) •
b . (6 , - 6 ) .
c . (2 ,1 4 ). ____Yes. _____ No.
d . (6 ,-7) Comments*






. * i s  an operation on the se t o f in te g e rs  such th a t
5 * g = -6  and 17 * 5 » 24 .
Which one of the  follow ing equals 4 * 6  ?
a f “4.
b . -2 .




* i s  an operation  on the s e t  o f a l l  ordered p a irs  of in tegers
such th a t  (1,2) * (5 ,2 )  » (-4 ,0 )  and (12, 3) * (6 ,1 ) = (4 ,7 ).
Which one o f  the follow ing equals (6 ,3) * (4 ,5 ) ?
a . ( 2 ,-2 ) .
b . (2 ,2 ) .
c. ( -3 ,1 ) . ____Yes. _____No.
d. (0 ,8 ) . Commentst






. * i s  an operation  on the a e t  o f  a l l  ordered p a ir s  o f  in teg ers  
such th a t (1 ,2 )  » ( -2 ,1 0 )  » ( -2 ,2 0 )  and (7 ,3 )  * (2 ,-4 )  *» (1 4 ,-1 2 ) .
Which one o f  the fo llo w in g  equals (3 ,2 )  * ( 4 , - 1 )  ?
a .  ( 7 , - 1 ) .
b . ( 5 ,3 ) .
c .  ( 1 2 ,- 2 ) . f a s .  ^ iib^  No.
d . ( - 1 , - 1 ) . Comments:
e .  ( 7 ,1 ) .
* i s  an operation  o f  the s e t  o f  a l l  ordered p a ir s  o f  in teg ers
such th a t ( 1 ,2 ) *  (5 ,1 )  » 3 , (2 ,0 )  * ( S , l )  -  9 and
(6 ,4 )  * ( 4 ,4 )  = 2 .
Which one o f the fo llo w in g  equals ( S ,3 ) * ( 2 ,3 )  7
a . 3 .
b . 4 .
c . 5. ____ Y es. _____ No.
d . 6 . Comments:




V III-9 • * i s  an operation  on th e  ee t o f re a l  numbers such th a t
l 6 * ( - 6 ) » l  and 2.3 * 18 -  2 .03.
Which one o f  th e  fo llo w in g  equals 31*8 * 9 .2  ?
a • 0 . 4 .
b . 3 .9  .
c « 4 « _____ Y es. ____ No.
d. 4 .1  . Commentss
e. 5 .
V III-1 0 . * i s  an operation  on th e  s e t  o f  in te g er s  such th a t
3 * 4 * 1  and (-8 )  * 1 -  9 .
Which one o f  th e  fo llo w in g  equals 6 * 2 ?
a . - 4 .
O* e o •
c • 4 .
____ Y es. _____ No.
d. S. Comments:




VIII-11 . * i s  an operation  on the  s e t  of in teg ers  such th a t
3 * 4 -  25 and ( - S ) * 1  » 6 5 .
Which pne o f th e  follow ing equals 6 * 2 ?
a.  24*
b . 40 .
c. 46. ____ Yes* __ _  No.
d. 54« Commentat
e . 66.
* i s  an op eration  on the s e t  o f  r e a l numbers such t h a t .
- A -  * \  and y/T  * 3 « + 3 •




c .  4 /2 _  . ____  T es. __ _  No.
d . V5 + y 27 • Comments*
e i x6 •
116
SECTION IX
(A nalysis of O rgan izational P rin c ip le s )
The t e s t  i t e m s  i n  t h i s  g ro u p  r e f e r  t o  c o d e s  d e v i s e d  to  
a s s o c i a t e  a r r a y s  o f  i n t e g e r s  w i t h  c a l e n d a r  d a t e s .  The 
c o d e s  i n v o lv e  a r i t h m e t i c  o p e r a t i o n s  i n  a  f i x e d  o r d e r  on 
t h e  i n t e g e r s  i n  t h e  a r r a y .  Each i te m  i s  d e s ig n e d  t o  
m easu re  t h e  f o l l o w in g  c o g n i t i v e  b e h a v io r s
G iven two i n t e g e r  a r r a y s  and t h e i r  r e s p e c t i v e  d a t e s ,  
i d e n t i f i e s  from a  g ro u p  o f  f i v e  d a t e s  t h e  d a t e  




IX -1. This problem in v o lv es  the determ ination o f  a coding scheme 
which a ss o c ia te s  a two in te g er  array w ith a calendar date .
I f  [04 073 i s  November 4 and i f  [23 -21] i s  February 23, 
then what i s  [03 05 ] ?
a .  March 5.
b . May 3 .
c .  August 3- Tes. No.
Comments:
d . October 3*
e . November 3*
IX -2. T his problem in v o lv e s  the determ ination o f  a coding scheme 
which a s s o c ia te s  a s i x  in te g e r  array w ith a calendar date .
I f  [45 6335] i s  September 17 and i f  [13 5410] i s  A pril 10, 
then what i s  [11 3120] ?
a . February 6 .
b . January 3 .
c .  November 6 . ____  Tes. ____ No.
d . January 30, Comments:




IX -3. T his problem in v o lv es  the determ ination o f  a coding scheme 
which a s s o c ia te s  a two in te g er  array w ith  a calendar date*
I f  [20  Ilf] i s  October 7 and i f  [06 54] i s  March 27, 
then what i s  [02  42] ?
a . January 21.
b . February 24*
c .  March 6 .
d. August. 26.
e .  November 12 .
IX -4 . T his problem in v o lv es  th e  determ ination o f  a coding scheme 
which a s s o c ia te s  a four in te g er  array w ith a calendar date .
I f  [12  71] i s  January 17 and i f  [03 13] i s  October 31, then  
what i s  [05 42] ?
a .  March 24*
b . Ju ly  24.
c . October 21.
d . August 24.
e .  May 21.
T es. No.
Comments:





IX- 5 .  This problem in v o lv e s  the determ ination o f  a coding scheme
which a s s o c ia te s  an e ig h t in te g e r  array w ith a calendar d a te .
I f  [01 66 73 61] i s  December 9 and i f  [62  74 74 30] i s
January 13, then what i s  [63 10 12 82] ?
a . October 13.
b. November 30 .
c . August 16.
d. December 10
e . March 9 .


































Answer Key For Test Items
S e c t i o n  IV
1 .  c
2 .  d
3 . b
4 .  a
5 .  e
6 . b
7 .  d
8 .  a
9 .  b
10. b
1 1 .  c
1 2 .  d
S e c t i o n  V
1 .  d
2 .  c
3 . a 
4* a
5 .  c
6 .  a
7 .  a
8 .  d
9 .  a
1 0 .  c
1 1 .  b








































S e c t i o n  IX






COVER SHEET OF ^
AND A LIST OF THE ITEMS OF Tx 
ACCORDING TO M1 NUMBERS
121
122
TEST FOR ANALYTICAL COGNITION 
OF MATHEMATICAL CONTENT
Form T - l
P le a s e  p r i n t  y o u r  nam e:
NOTE: T h is  t e s t  i s  d e s ig n e d  to  m easu re  y o u r  a b i l i t y  to
a n a ly z e  c e r t a i n  m a th e m a tic a l  s i t u a t i o n s .  A lth o u g h  
you a r e  p ro b a b ly  f a m i l i a r  w i th  t h e  m a th e m a tic s  
in v o lv e d ,  t h e  c o r r e c t  r e s p o n s e  t o  many o f  t h e  i te m s  
w i l l  become o b v io u s  o n ly  a f t e r  c a r e f u l  a n a l y s i s .
F o r  e a ch  i te m  c a r e f u l l y  r e a d  th e  g iv e n  in f o r m a t io n ,  
th e  q u e s t io n ,  and e a c h  o f  t h e  f i v e  p o s s i b le  
r e s p o n s e s .  Choose t h e  one c o r r e c t  r e s p o n s e  t o  ea ch  
i te m  by  c i r c l i n g  t h e  a p p r o p r i a t e  l e t t e r  ( a ,  b ,  c ,  
d , o r  e ) •
You may do your scratch work anywhere on these pages.
123
I te m s  o f  T- A c c o rd in g  t o  M* Numbers
F i r s t  Day
S e c t io n A
1 . . . .
2 . . . .
3 . . . .
4  . . . .
S e c t io n B
5 . . . .
6 . . . .
S e c t io n C
7 . . . .
3 . . . .
9 . . . .
10  . . . .
S e c t io n D
1 1 .................. V I I -1
12  V I I -9
13 ............... V II -1 1
1  4  V I I - 4
Second  Day
S e c t io n  E
1  5 ............... n - 3
1 6 ............... I I -9
1  7  I I - 5
S e c t io n  F 
I S  V I-9
19 . . . . . . .  V I-6
2 0 ............... V I-6
2 1 ............... V I-5
S e c t io n  G
2 2 ............... IV -11
23 ............... IV -5
2 4 ............... IV -2
2  5  IV -4
S e c t io n  H
2 6 .................. V I I I -7
2 7 .................. V I I I -6
2 3 ............... V I I I - 9
S e c t io n  I
2 9 ............... IX—2
3 0 ............... IX -4
APPENDIX C
COVER SHEET OF T2 
AND A LIST OF THE ITEMS OF T2 
ACCORDING TO M1 NUMBER
124
125
TEST FOR ANALYTICAL COGNITION 
OF MATHEMATICAL CONTENT
Form T -2
P le a s e  p r i n t  y o u r  nam e:
NOTE: T h is  t e s t  i s  d e s ig n e d  t o  m easu re  y o u r  a b i l i t y  t o
a n a ly z e  c e r t a i n  m a th e m a tic a l  s i t u a t i o n s .  A lth o u g h  
you  a r e  p ro b a b ly  f a m i l i a r  w i th  t h e  m a th e m a tic s  
in v o lv e d ,  t h e  c o r r e c t  r e s p o n s e  t o  many o f  t h e  i te m s  
w i l l  become o b v io u s  o n ly  a f t e r  c a r e f u l  a n a l y s i s .
F o r  e a c h  i te m  c a r e f u l l y  r e a d  t h e  g iv e n  in f o rm a t io n ,  
t h e  q u e s t io n ,  and  e a c h  o f  t h e  f i v e  p o s s i b le  
r e s p o n s e s .  Choose t h e  one c o r r e c t  r e s p o n s e  t o  each  
i te m  by  c i r c l i n g  t h e  a p p r o p r i a t e  l e t t e r  ( a ,  b ,  c ,  
d , o r  e ) .
You may do your scratch work anywhere on these pages.
126
I te m s  o f  T2 A cc o rd in g  
F i r s t  Day
S e c t io n  A
1  1 -1
2  1-3
3 ............... 1 -5
 4 ............... 1 -7
S e c t io n  B
 5 ............... V-6
 6 ............... V-7
 7 ............... V-12
6 ............... V-2
S e c t io n  C
9 ............... V I-1 0
1  0 ............... V I-2
1  1 ............... V I-1
1  2 ............... V I-7
S e c t io n  D
13 ............... V I I -2
1  4 ............... V II-3
1  5 ............... V II—12
t o  Numbers
Second Day
S e c t io n  E
1 6 ............. . I I - 2
1 7 ............. . I I - 4
I S ....... . I I - l
S e c t io n  F
1 9 ............. . I I I - l
2 0 ............ • I I I —2
S e c t io n  G
2 1 ............. . IV -6
2 2 ............. .  IV -1
23 ............. . IV -3
2 4 ............. .  IV—12
S e c t io n  H
25 ............. • V I I I -1 1
2 6 ............. .  V I I I - 1 0
2 7 ............. . V I I I -3
2 $ ............ .  V I I I - 4










To: Mr A r th u r  and  M r. D oug las 
From : Jimmy C a n g e lo s i
R e g a rd in g : The a d m in i s t r a t i o n  o f  t h e  t e s t  f o r  a n a l y t i c a l  
c o g n i t io n  t o  t h e  t h r e e  a lg e b r a  11 c l a s s e s  a t  
C a th o l i c  H igh S ch o o l o n  Nov, 3 and  4 .
S i r :
E x cu se  me i f  1 so u n d  d o g m atic  i n  t h e s e  i n s t r u c t i o n s .  But 
1 am c e r t a i n  t h a t  you ca n  a p p r e c i a t e  th e  n e c e s s i t y  o f  
k e e p in g  p ro c e d u re  v a r i a t i o n s  fro m  c l a s s  to  c l a s s  to  a n  
a b s o lu t e  minimum.
A g a in , th a n k  you  f o r  a l lo w in g  me t o  u s e  y o u r  t im e .  I  o n ly  
hope t h a t  I  can  re p a y  you and y o u r  s tu d e n ts  by d e v e lo p in g  
a n  in s t ru m e n t  w h ich  w i l l  c o n t r i b u t e  t o  t h e  c a u se  o f  
e d u c a t io n .
FOR THE DAY PRIOR TO THE TEST. NOV. 2
P le a s e  e x p la in  t o  y o u r  s t u d e n t s  th e  p u rp o se  i n  t h e i r  
t a k i n g  t h i s  t e s t .  Do w h a t you can  to  m o tiv a te  them  
t o  p u t  f o r t h  t h e i r  v e ry  b e s t  e f f o r t s  on th e  t e s t .
I t  m ig h t b e  m e n tio n e d  t h a t  e x p e r ie n c e  h a s  shown 
t h a t  some s tu d e n t s  who t y p i c a l l y  do p o o r ly  on m ath­
e m a tic s  t e s t s  w i l l  p e r fo rm  e x c e p t i o n a l l y  w e l l  on 
t h i s  p a r t i c u l a r  ty p e  o f  t e s t .
They s h o u ld  be t o l d  t h a t  t h e i r  a b i l i t y  t o  t h in k  in  
an  o r d e r ly  and l o g i c a l  f a s h io n  w i l l  be  t e s t e d  an d  n o t  
t h e i r  know ledge o f  m a th e m a tic a l  c o n te n t .
T h e re  a r e  tw o te rm s  u se d  i n  th e  t e s t  w h ich  sh o u ld  be  
e x p la in e d  on t h i s  d ay : se q u e n c e  and o p e r a t io n  * .
T e l l  them  th e  fo l lo w in g :
"A se q u en ce  i s  a  s e t  o f  o rd e re d  e le m e n ts ,  i . e . ,  
t h e r e  i s  a  f i r s t  e le m e n t ,  a  seco n d  e le m e n t, e t c .
On t h i s  t e s t  t h e  f i r s t  te rm  i s  d e n o te d  by S .,, 
th e  seco n d  by S2 , an d  i n  g e n e r a l  t h e  n th  by Sn *
" In  t h e  s e c t i o n  in v o lv in g  th e  sym bol * ,  t h e  
p ro b lem  i s  t o  f i g u r e  o u t  w h at * m eans i n  e a c h  
c a s e . "
FOR THE FIRST DAY OF THE TEST. NOV. 3
1 . P ro v id e  ea ch  s tu d e n t  w i th  a  copy o f  t h e  t e s t .
2 .  Make s u r e  t h a t  ev e ry o n e  p r i n t s  h i s  name on t h e  
c o v e r .
3 .  Read a lo u d , a s  t h e  s t u d e n t s  f o l lo w , t h e  i n s t r u c t i o n s
on th e  f r o n t  c o v e r .  Answer any  r e a s o n a b le  q u e s t io n s  
b e f o r e  t h e  s tu d e n t s  a r e  a l lo w e d  t o  b e g in  w o rk .
A f t e r  th e y  b e g in  t h e r e  a r e  t o  be no q u e s t io n s .
4 .  T ry  t o  a l lo w  th e  s t u d e n t s  a s  much o f  t h e  55 m in u te  
p e r io d  a s  p o s s i b l e  t o  w ork on th e  t e s t .
5 . C o l l e c t  t h e  t e s t s  a s  e a c h  f i n i s h e s .
FOR THE SECOND DAY OF THE TEST. NOV. 4
1 .  (Sam es a s  #1 ab o v e)
2 .  Make s u r e  t h a t  e v e ry o n e  p r i n t s  h i s  name i n  th e  
b la n k  a t  t h e  to p  o f  p ag e  S .
3 .  A nsw er no q u e s t io n s  a f t e r  t h e  t e s t  b e g in s .
4 .  (S ee  # ' s  4  and  5 a b o v e ,)
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TEST FOR ANALYTICAL COGNITION 
OF MATHEMATICAL CONTENT
Form T-3
Please print your names _____
NOTE: This test is designed to measure your ability to analyze
certain mathematical situations. You are probably familiar 
with the mathematics involved, because no terms, symbols, 
or concepts are used that were not basic to your eighth 
and ninth grade mathematics courses. However, the correct 
response to many of the items will become obvious only 
after careful analysis.
For each item, carefully read the given information, the 
question, and each of the five possible responses. Make 
sure that you distinguish between such terms as "integers" 
and "real numbers." Phrases such as "there exist,"
"such that," "if and only if," and "must be true" should 
be taken literally.
There is exactly one correct response to each item. Please 
indicate your choice for each item by circling the appro­
priate letter {a, b, c, d, or e).
If after carefully considering an item, you are uncertain 
of the correct response, you should mark your best guess.
Scratch work may be done anywhere on these pages.
You have until the end of this class period to complete 
these 20 items. .Tomorrow, 20 more items will be given 
to you.
Thank you.
S f C T l o M  a
Par# 1
, L et B be a s e t  d e f in e d  by th e  fo llo w in g :
A r e a l  number n i s  a member o f  a s e t  B i f  and only  i f  
th e re  e x is ts  an in te g e r  x  ouch th an  n ■ 6 x .
Which one o f  th e  fo llo w in g  e e ts  i a  a  a u b a e t o f  B?
a* |  0, 6, 36J •
b. {-6 , 16, 46] .
c . ^ 6 ,  12, 1 6 ] .
d . | - 3 ,  0 , 2 4 ]  .
e .  Hone o f  th e s e .
L et B be a  s e t  d e f in e d  by th e  fo llo w in g :
A r e a l  number n i a  a  member o f  a e t  B I f  and o n ly  I f
th e r e  e x i s t s  an  in te g e r  x  su ch  t h a t  x  ■ 'J n .
Which one o f  th e  fo llo w in g  s e ta  l a  a  s u b s e t  o f  B?
a .  |^ 1 | 16 , 25^  •
- • H - . 3* *]•
c . { - 2 5 ,  1 , 4 ]  .
d . ^ 0 ,  3 ,  24]  .
e .  None o f  th e s e .
L et B be a a e t  d e f in e d  by th e  fo l lo w in g :
A r e a l  number n l a  a  member o f  s e t  B i f  and o n ly  i f  n  i s
an  in t e g e r  such t h a t  0 < n  < _ 2 "  *
Which one o f  th e  fo llo w in g  s e ta  i a  a  a u b a e t o f  B?
a . |  1 , 4 , 4 .3 2 j .
b .  [ 0 , 2 , 4 ]  .
C,{ "T ’ 1> 2 ] ’
d . { 2 ,  4 , 7 j .
e .  None o f  th e s e .
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. L e t B be a  a e t  d e fin e d  by th e  fo llo w in g !
An in t e g e r  n i s  a member o f  a e t  B I f  and o n ly  i f  th e r a  
e x la t s  an  in te g e r  x auch t h a t  n  ■ Jx  and th e r e  doea 
no t e x i a t  an  in t e g e r  y  auch t h a t  n  -  2y.
Which one o f  th e  fo llo w in g  a e ta  l a  a  a u b a e t o f  B?
a .  £ - 3 ,  3 , 6 , 27 ]  .
b .  [ 0 , 1 , 3 ,  9 }  .
c .  [ - 9 ,  0 , 9 , f l l ]  .
d .  [ - S i ,  - 3 ,  9 ,  27^ .
e .  None o f  th e a e .
5  . L e t 8 be a a e t  d e fin e d  by th e  fo llo w in g !
A r e a l  number n l a  a  member o f  a a t  B i f  and o n ly  i f  n2 <  n .
Which one o f  th e  fo llo w in g  a e ta  i a  a  a u b a e t o f  B?
a .  1 , 1 2 ]  .
b. ~ B -
It -f .  ¥ } •
d* ( i*  f *  ‘
e .  None o f  th e a e .
S E C T I O N  B
. " S e t  N c o n ta in a  Bore th a n  10 e le m e n ts .*
Which one o f  th e  fo llo w in g  can be con c lu d ed  f r o a  t h e  above 
s ta te m e n t?
a .  S e t N c o n ta in s  a t  l e a s t  11 e l e a e n t s .
b .  S e t N does n o t  c o n ta in  12 e le a e n ta .
c .  S e t N c o n ta in a  more th a n  11 e l e a e n t s .
d .  S e t N i s  an i n f i n i t e  a e t .
e .  None o f  th e a e .
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. "N and B a re  s e t s  auch t h a t  a l l  th e  a la a a n ta  o f  N a r a  a la o
c o n ta in e d  in  B, x and y a ra  a la a a n ta  auch th a t  x  i a  n o t
c o n ta in e d  in  0 and y i a  c o n ta in e d  in  N ."
Which one o f  th e  fo llo w in g  can be concluded  f r o a  th e  above
sta te m e n t?
a .  x i s  c o n ta in e d  in  N and 
y i s  c o n ta in e d  in  B.
b . x i s  n o t co n ta in ed  in  N and 
y i s  co n ta in ed  in  B.
c . x i s  n o t co n ta ined  in  N and 
y i s  n o t co n ta in ed  in  B.
d . x i s  c o n ta in e d  in  N and 
y i s  n o t con ta ined  in  B.
e .  None o f  th e s e .
. Accept th e  fo llo w in g  s ta te m e n ts  t o  be t r u e i
1 . A i s  e i t h e r  red  o r  g re e n .
2 . B i s  e i t h e r  b lu e  o r  brown.
3 .  C i s  e i t h e r  re d , g re e n , b lu e , o r  brown.
I*. C i s  never th e  same c o lo r  a s  B.
5 . I f  A i s  re d , th e n  C i s  e i t h e r  re d  o r  b lu e .
6 .  I f  B i s  brown, th e n  A i a  g re e n .
Suppose t h a t  A i s  r e d .  What c o lo r  l a  C?
a .  Red.
b .  G reen .
c .  B lu e .
d .  Brown.
e .  C cannot be d e te r a in e d .
*
, L e t a sequence o f  one-hundred  s ta te m e n ts  be r e p re s e n te d  by
( S j _ ,  S 2 ,  S 3 ,  . . . ,  S j q q )  .
Suppose t h a t  th e  fo llo w in g  a r e  two t r u e  fa c ta s
1 .  I f  sn i s  t r u e ,  th e n  sn+j  i a  t r u e  f o r  any p o s i t i v e  I n te g e r  n .
2 .  s^  i s  t r u e .
Which one o f  th e  fo llo w in g  l a  t r u e ?
a . S y
b . s 12
c . a14
d . S21




. L e t a sequence o f  one-hundred  s ta te m e n ts  be r e p re s e n te d  bp 
{*1» ®2* •••> ®ioo^  *
Suppose t h a t  th e  fo llo w in g  a r e  two t r u e  f a c t s i
1 .  I f  s Q i s  t r u e ,  th e n  an+j  i s  t r u e  f o r  any p o s i t i v e  i n t e g e r  n .
2 .  Sy i s  t r u e .
Which one o f  th e  fo llo w in g  I s  t r u e ?
a .  s g .
b . a± 1 .
C e  •
do 8|^e
e» s 2y .
S ECTIO N C
11 . ( s ^ ,  s 2 . B y ,  . . .  ) i s  an  i n f i n i t e  sequence  o f  r e a l  numbers 
such  t h a t  s j " 3 »  »2 m i s ^ - l ,  and  s^  » -i- . A ll  o f  th e  
te rm s a re  de te rm ined  by th e  same connon p a t t e r n .
Which one o f  th e  fo llo w in g  l a  s ^  ?
- * ■
C *  12  ’  
d* “S "  *
e .  4 .
1 Z  • <°i* a 2* s 3* •** 1 iB an l n f i n l t e  «®<l«»®ne® r ®*l numbers
su ch  th a t  s ^ - 3 i  e - j^ V t ® j " 6 p ® ^*9* ®n^ 0 y « 2 4 »
A ll  o f  th e  te rm s  ex cep t f o r  s^ a r e  d e te rm in e d  by a  cosnon 
p a t t e r n .
Which one o f  th e  fo llo w in g  i s  S j  ?
a .  1 1 .
b .  1 2 .
c .  1 3 .
d .  1 4 .
e .  1 5 .
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2. 3  • The fo llo w in g  a d d i t io n  u s e s  nunbera  i n  a  baae  o th e r  th a n  lO t
5 + 3 - 1 2 .
What la  th e  b ase?
a. 4.
b .  5 .
c .  6 .
d .  7 . 
e • 3  m
1 +  . The fo llo w in g  a d d i t io n  u s e s  num bers in  a b ase  o th e r  than  lO t 
4 + 3 -  1 2 .
What i s  th e  base?
a .  4 .
b . 5 .
c .  6 .
d .  7 .
e .  0 .
1 5 . The fo llo w in g  s u b t r a c t io n  u s e s  numbers i n  a  b a se  o th e r  th a n  10s
1 1 - 5 - 2 .
What i s  th e  b ase?
a . 4*
b .  5 .
c .  6 .
d .  7 .
e . 3 m
SECTION E
Page 6
« i 8 an  o p e ra t io n  on th e  a e t  o f  a l l  o rd e re d  p a i r s  o f  in te g e r s  
auch t h a t  (2 ,3 )  * ( 1 , - 2 )  -  ( 3 , - 6 )  *nd ( 0 ,3 )  ■ (5 ,4 )  -  ( 5 ,1 2 ) ,
Which one o f  th e  fo llo w in g  e q u a ls  (3 ,7 )  * ( 2 , - 1 )  ?
a .  ( 5 ,6 ) .  
h , ( 6 , “6 ) .
c . ( 2 , I t , ) .
d . ( 6 , - 7 )
e .  ( 5 , - 7 )
.  * i s  an o p e ra t io n  on th e  a e t  o f  i n t e g e r s  au ch  t h a t  
1 0 * 3 - 1 6  and 4 * 5 -  14 .
Which one o f  th e  fo llo w in g  e q u a ls  5 * 4 ?
. "  i a  an o p e ra t io n  on th e  s e t  o f  i n t e g e r s  su ch  t h a t  
3 * 4 - 1  and ( -6 )  * 1 - 9 .
Which one o f  th e  fo llo w in g  e q u a ls  6 * 2 ?
a .  12
b .  13
d.  15
e .  16
a .  - 4
b. 0
c. 4.
d .  6.
e. 12
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. * i s  an  o p e ra t io n  on th e  a e t  o f  I n te g e r s  such  t h a t
3 •  4 -  25 and ( - 8 )  " 1  •  6 5 . .







■ ia an operation on the aet of real misters auch that 
16 • (-6) m l and 2.3 • 16 - 2.03.
Which one of the following equals 31.8*9.2 7
a. 0.4 .





Fle nse  P r i n t  Your Nime T _ , » ,2nd D*y
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S E C T I O N  F
z i . A f te r  e s ta b l i s h in g  t h a t  x , y , and  z a r e  r a a l  numbers such  t h a t  
x i y ,  th e  a u th o r  o f  a m a th em a tica l p ro o f  co n c lu d es t h a t  Z-
Which one o f  th e  fo llo w in g  c o n d it io n s  i s  n e c e ssa ry  f o r  t h i s  
c o n c lu s io n  to  be v a l id ?  .
a .  z >  0 .
b .  z  £  0 .
c .  z <  0 .
d . z <  0 .
e . None o f  th e s e .
. A f te r  e s ta b l i s h in g  t h a t  x i s  a r e a l  num ber, th e  a u th o r  o f  a  
m a th em a tica l p ro o f  co n c lu d es  t h a t  x ^ <  x .
Which one o f  th e  fo llo w in g  c o n d it io n s  i s  n e c e ssa ry  f o r  t h i s  
co n c lu s io n  to  be v a l id ?
a .  0 <  x  <  1 .
b . 0  £  x <  1.
c . 0  <  x 5  1 .
d . 0  <  x  <  1 .
e .  None o f  th e a e .
25 . A f te r  e s t a b l i s h in g  t h a t  x , y ,  z ,  and w a re  r e a l  num bers such  
t h a t  x > y ,  th e  a u th o r 'o f  a  m a th e m a tic a l p ro o f  c o n c lu d es  t h a t  
x ( z - w ) <  y ( z - w ) .
Which one o f  th e  fo llo w in g  c o n d it io n s  i s  n e c e s sa ry  f o r  th e  
c o n c lu s io n  to  be v a lid ?
a .  Z a  w.
b .  z > w.
c .  z < w,
d . z /  w.





A f te r  e s t a b l i s h in g  t h a t  x , y , z ,  and w a r e  r e a l  n u ab ers  su ch  
t h a t  x > y ,  th e  a u th o r  o f  a m a th em a tica l p ro o f  co n c lu d es t h a t  
x (z  -w ) -  y (z  -  w ).
Which one o f  t h e  fo llo w in g  c o n d i t io n s  i s  n e c e s sa ry  f o r  t h i s  
C onclusion  to  be v a lid ?
a . Z B W .
b . z > w.
c . z < w.
d . Z ft w.
e . None o f
Z 5 . A f t e r  e s t a b l i s h in g  t h a t  x  and y  a r e  r e a l  n u ab e rs  such t h a t  
x > 0 , th e  a u th o r  o f  a m a th e m a tic a l p ro o f  co n c lu d es  t h a t  x y > x .
Which one o f  th e  fo llo w in g  c o n d i t io n s  i s  n e c e s sa ry  f o r  t h i s  
c o n c lu s io n  to  be v a lid ?
a .  y > 0 .
b .  y <  0 .
c .  y >  1 .
d .  y >  x .
e .  None o f  th e s e .
. A f te r  e s ta b l i s h in g  t h a t  x and y  a r e  r e a l  n u a b e rs  such t h a t  
y ( x - l )  -  x2- i  
t h a t  y. « x + 1 .
2
m  1  , th e  a u th o r  o f  a  m a th e m a tic a l p ro o f  c o n c lu d es
Which one o f  th e  fo llo w in g  c o n d i t io n s  i s  n e c e s s a ry  f o r  t h i s  
c o n c lu s io n  to  be v a lid ?
a .  x  /  1 .
b .  x  /  O.
C. X f t  - 1 .
d .  y  /  0 .
e .  None o f  th e s e .
S f C T l O K  & Page 10
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2 7 L e t r  and a be I n te g e r s  such  t h a t  r  + r  + 1 “  s .  
Which one o f  th e  fo llo w in g  wusfe be  tru e ?
a .  r  i s  ev en .
b .  r  i s  odd .
c .  a i s  ev e n .
d .  a  i a  o d d .
e .  None o f  th e s e .
28 . L et r  and a be r e a l  n u a b e rs  such t h a t  r s  ■ 0  and r  ■ 0 .
Which one o f  th e  fo llo w in g  s u s t  be tru e ?
a .  a /  r .
b .  a >  0 .
c .  a  <  0 .
d .  a ■ 0 .
e .  None o f  th e a e .
2 9  . L e t r ,  a ,  t ,  and  u be r e a l  num bers such t h a t  0  and
u >  t .
Which one o f  th e  fo llo w in g  m ust be tru e ?
a .  r  ♦ u  >  t  s .
b .  r  -  a <  t  - u .
c .  a <  r .
d .  a >  r .




30 .  L e t r ,  s ,  and t  be r e a l  n u ab e rs  such t h a t  ■ ” ■ >  0 , r  <  0 , 
and s  >  0 .
Which one o f  th e  fo llo w in g  m ust be tru e ?
a .  t  <  r e .
b .  t  >  r a .
c .  t 4  0 .
d .  t  >  0 .
e .  None o f  th e s e .
3 1 . L e t r ,  a ,  and t be r e a l  t im b e rs  such  t h a t  r + ( s - t )  >  0 and 
a <  t  •
Which one o f  th e  fo llo w in g  m ust be tru e ?
a .  r  >  t .
b .  r <  t .
e .  r  >  0 .
d . r  <  0 .
e .  None o f  th e s e .
3 2  • L e t r > 8 * 811(1 * n u a b e rs  such  t h a t  r t  + s t  >  0  and
t  <  0 .
Which one o f  th e  fo llo w in g  m ust be  tru e ?
a .  r  <  - s .
b .  r ♦ s  >  t .
c .  - r <  s .
d .  - r  >  - s .
e .  None o f  th e s e .




. C onsider th e  v a r ia b le  x ■ ( y ^ O )  w here y  i s  an  e le n e n t  o f  
th e  s e t  o f  r e a l  n u a b e rs .
What i s  th e  m in iau a  v a lu e  f o r  x?
a .  t9 .
b .  - J .
c.  0.
d. 3.
e .  None o f  th e s e .
2
C o n sid e r th e  v a r ia b le  x  such t h a t  x  -  (3 -  * )  w here s  i s  
an e lem ent o f  th e  s e t  o f  r e a l  n u a b e rs .
When x  i s  a t  i t s  minimum v a lu e , w hat i s  z?
a . -3 .
b .  0 .  
e. 3.
d . 9 .
e .  None o f  th e s e
2C onsider th e  v a r ia b le  x  ■ y  w here y  i s  a  r e a l  number.
I n  w hich one o f  th e  fo llo w in g  s e t s  o f  v a lu e s  f o r  y w i l l  
x  a t t a i n  th e  g r e a t e s t  v a lu e?
a .  y  i s  an  e lem en t o f  | - 4 ( - 2 ,  3 .5 ^  •
b. y  i s  an  e lem en t o f  £ -1 1 , -75", 4^  .
c .  y  i s  an  e lem en t o f  £ - 1 ,  0 ,
d .  y  i s  an  e lem en t o f  £ 6 , 7 , 8 ^ .
e .  y  l a  an e lem en t o f  j l ,  2 .1 6 , 4 ^  .
C onsider th e  v a r ia b le  x auch t h a t  x  ■ y 2 w here y l a  a r e a l  n u a b e r .
I n  w hich one o f  th e  fo llo w in g  a e ta  o f  v a lu ea  f o r  y  w i l l  
x a t t a i n  th e  g r e a te a t  v a lu e?
a .  0  <  y  <  1 0 .
c .  -5  <  y  <  12 .
d .  -20  <  y  <  3 .
e .  -  5< .  y  <  10 .
C onsider th e  v a r ia b le  x auch t h a t  x  ■ w here a and y  a r e  
r e a l  n u ab era  and y  /  0 .
In  which one o f  th e  fo llo w in g  a e ta  o f  v a lu e a  f o r  a and y  w i l l  
x  a t t a i n  th e  l e a s t  v a lu e?
a .  a ■ 2 and 0 <  y <  1».
b . -1 0  ^  z — 1 and y ■ 1 .
c .  a <  0 and  y > 0 .
d . z 0 and 0 <  y £» 3 .
e .  -20  <  a £  -1  and 1 <  y  2 .
C o n sid er th e  v a r ia b le  x  auch t h a t  x  ■ w here 0 i s  a <  2 ,
What l a  th e  a a x in u a  v a lu e  f o r  x?
d .  2 .
e .  T here  l a  no H a l t  a s  t o  how 




39 . T h is  p ro b le n  In v o lv e s  th e  d e te rm in a tio n  o f  a cod ing  ach< 
w hich a a a o c ia te a  a  a i x  i n t e g e r  a r r a y  w ith  a c a le n d a r  d a te*
I f  [45  6335] i e  S eptem ber 17 and i f  [1 3  5410] l a  A p r i l  10* 
th e n  w hat i s  [11  3120] ?
a .  F eb ruary  6 .
b .  J a n u a ry  3*
c .  November 6 .
d .  J a n u a ry  30
e .  F eb ru ary  7*
. T h is  p ro b le n  in v o lv e s  th e  d e te rm in a tio n  o f  a co d in g  scheme 
w hich a s s o c ia te s  a  two in t e g e r  a r r a y  w ith  a c a le n d a r  d a te .
I f  [0 4  07] i s  November 4 and  i f  [23 > 21] i s  F eb ruary  23, 
th e n  w hat i s  [03 0 5 ] ?
a .  March 5*
b . May 3*
c .  A ugust 3*
d . O c to b e r 3*
e .  November 3*
VITA
Jam es S . C a n g e lo s i  was b o rn  on M arch 9 ,  1943 , i n  
B a to n  R ouge, L o u is ia n a  w here  h e  r e c e iv e d  h i s  fo rm a l ed u ca ­
t i o n .  A f t e r  g r a d u a t in g  from  C a th o l ic  H igh S c h o o l i n  1961 , 
he r e c e iv e d  t h r e e  d e g re e s  from  L o u is ia n a  S t a t e  U n iv e r s i t y :  
B. S . i n  s e c o n d a ry  e d u c a t io n  in  1965 , M. Ed. i n  e d u c a t io n  
i n  1 9 6 7 , and  M. A. i n  m a th e m a tic s  i n  1 9 7 1 .
D u rin g  th e  p e r io d  1 9 6 5 -1 9 7 0 , he s e rv e d  a s  m a th e­
m a t ic s  t e a c h e r ,  a t h l e t i c  d i r e c t o r ,  and co ach  a t  C a th o l i c  
H igh  S c h o o l. I n  1 9 7 1 , he became an  i n s t r u c t o r  o f  m a th e ­
m a t ic s  a t  L o u is ia n a  S t a t e  U n iv e r s i t y .
He m a rr ie d  P am ela  J a n e  W oodin i n  1966 a n d  th e y  have 
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